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Chapter 1: 

Old Thoughts, New Problems: Mahan and the Consideration of Spacepower 

Jon Sumida 



Over a century ago, the rapid expansion of global overseas trade brought about by the 
advent of improved steam propulsion and advances in ship design and construction posed 
new national policy and security questions for the United States. First, to what degree did 
American economic prosperity depend upon being a major active participant in maritime 
commerce? Second, what were the naval implications of such action with respect to the 
extension and defense of important, if not vital, American interests? Third, what role 
should the U.S. Government play in the promotion of maritime commercial activity and 
the creation of the naval forces required to protect American overseas trade? And fourth, 
what changes, if any, were required with respect to the direction of American foreign 
policy? In 1890, Captain Alfred Thayer Mahan, a serving officer in the U.S. Navy, 
published The Influence of Sea Power upon History, 1660-1783 . This book provided a 
comprehensive statement about maritime commerce, naval power, government policy, 
and international politics that became the theoretical point of departure for almost all 
discussion of what was widely regarded to be the most important national security 
problem of the day, both in the United States and around the world. 

Today, the importance of space as a venue for economic and military activity in certain 
respects resembles the conditions of maritime commerce and naval power in the late 19 th 
century. These circumstances prompt two questions: first, is a history-based exploration 
of prospects and possibilities of spacepower, in the manner of Mahan, a viable 
intellectual proposition? Second, does his work contain ideas that are applicable to 
spacepower or at least suggest potentially productive lines of inquiry? Addressing these 
issues, however, requires a sound foundation— namely, an accurate understanding of 
Mahan's major arguments and his manner of reasoning. Unfortunately, misunderstanding 
Mahan is the rule rather than the exception. His writing is rarely read, and the bulk of the 
critical literature is corrupted by serious interpretive error. What follows is a schematic 
representation of Mahanian argument that can be related to the consideration of the 
nature of the theoretical problem of spacepower. 1 

Alfred Thayer Mahan's The Influence of Sea Power upon History, 1660-1783 is widely 
regarded as the first important study of the relationship between naval affairs and 
international politics. Mahan subsequently published more than 20 additional volumes 
that extended and elaborated upon the views presented in this book. Inclusion in this 
book of a chapter based upon the traditional summary of Mahan's main ideas could be 
justified as an obligatory nod to tradition or an act of faith in the capacity of patristic 
writing to inspire strategic insight. Recent scholarship, however, has demonstrated that 
Mahan's thinking about seapower has been fundamentally misunderstood. This chapter 
will thus examine three areas where the new interpretation of Mahan affects 




consideration of problems that are of interest today. The first is naval and military 
cooperation when fighting in inland or coastal waters. The second is the nature and role 
of naval supremacy with respect to a complex world system of trade. The third is the 
requirements of naval higher education in a period of rapid technological change. In other 
words, Mahan's work will be related to jointness and power projection, the expansion of 
the global economy, and the cognitive qualities necessary to fully grasp the process of 
radical changes in major weaponry and their use known as transformation. 

There are three main arguments. First, Mahan believed that when one side in a conflict 
possessed absolute sea command or, in special cases, even temporary local control, naval 
operations in direct support of land forces could be of decisive importance. Second, 
Mahan maintained that naval supremacy in the 20 th century would be exercised by a 
transnational consortium acting in defense of a multinational system of free trade. 

Finally, Mahan was convinced that the sweeping improvement of naval materiel by 
radical technological change had not eliminated tactical and strategic uncertainty from 
the conduct of war, and that the enhancement of executive ability through the rigorous 
study of history should therefore be the basis of naval officer education. Mahan is often 
portrayed as a purveyor of truisms about naval strategy and doctrine based upon 
misreadings of fragments of his writing or, all too often, upon no reading of the original 
texts at all. The resulting caricature is frequently either misapplied or dismissed as 
outdated. This chapter, which is informed by the study of all of Mahan's major 
publications and surviving correspondence, intends to demonstrate that there is good 
reason to recall the adage, "When you want a good new idea, read an old book." 

Complex Interrelated Dynamics 

Alfred Thayer Mahan was an officer in the Union Navy during the Civil War. Although 
never a participant in a major battle, his Active service included many months of inshore 
work in small warships enforcing the blockade of the Confederate coast. Nearly two 
decades after the end of hostilities, Mahan accepted a commission to write a book about 
naval operations on the Caribbean coast and up the Mississippi and Red Rivers in the 
War Between the States. In addition to being able to draw upon his own experience 
during this conflict, Mahan studied memoirs and documents and corresponded with 
veterans from both sides. The completed work, which was entitled The Gulf and Inland 
Waters, was published in 1883. Several years after the appearance of The Influence of Sea 
Power upon History and its two-volume sequel, The Influence of Sea Power upon the 
French Revolution and Empire, which came out in 1892, Mahan produced a biography of 
the admiral who commanded most of the Union operations described in his first book. 
Admiral Farragut, published in 1897, gave Mahan another opportunity to present his 
views on fighting in littoral and interior waters that involved cooperation between the 
Army and Navy. 

During the Civil War, the lack of a fleet meant that the Confederacy could not mount an 
effective challenge to Union control of the high seas. Moreover, the naval weakness of 
the Southern States exposed their vital internal riverine communications and major ports 
to seaborne assault. Over the course of the 4-year conflict, the territorial integrity and 




economic vitality of the South were compromised by the integrated action of the Union 
Army and Navy, which established Northern control of the Mississippi and captured New 
Orleans and Mobile. Mahan's two accounts of these campaigns demonstrate that he 
possessed considerable knowledge of the special characteristics of brown-water fighting, 
appreciated the necessity of connecting the activity of land and naval forces, and 
recognized that the success of joint operations had been a major contributor to the 
ultimate Union victory. In books written before and after the Farragut biography, Mahan 
criticized Nelson's advocacy of amphibious operations in support of land campaigns and 
in general opposed overseas expeditions. But these views were applied to circumstances 
in which the opposing side possessed— or was supposed to possess— the capacity to 
dispute sea command. Mahan thus reasoned that any attempt to project power from water 
to land risked naval assets that were needed to preserve the general control of the oceans 
upon which all depended. When the maintenance of maritime lines of communication 
was not an issue, he had no objection to using naval force in combination with an army to 
achieve a military objective and understood that such action could have great strategic 
value. 

Indeed, Mahan attributed his initial inspiration for the idea that naval supremacy was of 
much larger historical significance than was generally recognized to his reflections on a 
historical case involving the use of uncontested command of the sea to achieve decisive 
military success. In his memoirs, he recalled that in 1885, he had chanced upon Theodor 
Mommsen's history of ancient Rome. While reading this book, Mahan was struck by the 
thought that the outcome of the wars between Rome and Carthage would have been 
different had the latter possessed the ability, as did the former, of using the sea as an 
avenue of invasion, instead of moving its armies over land. After some reflection, Mahan 
decided to apply the example of the victory of a state that could use naval force 
effectively over one that could not to the history of European wars in the late 17 th and 18 th 
centuries. This resulted in the first of the "influence of sea power" volumes in which 
Mahan closed the introduction with a lengthy examination of the naval aspects of Rome's 
defeat of Carthage. He ended the main narrative of The Influence of Sea Power upon 
History with an account of the British defeat at Yorktown in 1781. The outcome of this 
battle was determined by the reinforcement of American and French armies by sea and 
French naval control of surrounding waters, which prevented a British fleet from 
relieving the besieged British army. The Yorktown disaster prompted negotiations that 
ultimately ended the war and established American independence. In the book that made 
his reputation, Mahan thus used the survival of what was to become imperial Rome and 
the creation of the United States as powerful historical testaments to the transcendent 
value of using naval force in support of military operations. 

But The Influence of Sea Power upon History also introduced a set of propositions about 
the relationship between the economic basis of national strength and the development and 
effective use of a navy. Seaborne trade, Mahan maintained in his first bestseller, was a 
critically important generator of wealth. In the event of war, a nation that could protect its 
own maritime commerce while disrupting that of its opponent could shift the balance of 
national resources decisively in its favor. A fleet capable of winning and keeping 
command of the sea was required to accomplish both of these tasks. In peace, a great 




state was thus well advised to do everything it could to build the strongest possible navy. 
Over time, the cumulative effect of sound naval policy and strategy in peace and war was 
economic prosperity and territorial aggrandizement. Naval force structure and 
deployment were also important variables. Cruiser attacks on scattered shipping, Mahan 
believed, were incapable of inflicting prohibitive losses on a large merchant marine. 
Blockade of the enemy's main ports— implemented by a fleet of battleships capable of 
defeating any force that was sent against it— was the only way to accomplish the 
complete or near-complete stoppage of overseas commerce required to achieve a 
significant strategic effect against a great maritime power. For this reason, Mahan made 
the number of battleships the measure of naval potency, and the destruction of the enemy 
battle fleet through decisive engagement— for the purposes of either securing or breaking 
a blockade— the main operational objective of naval strategy. 

These interrelated arguments addressed major concerns of Mahan's own time. From the 
1880s, the general expansion of European navies in response to increasing imperial 
rivalry was accompanied by intensive debate over the relative merits of a naval strategy 
based on commerce-raiding by cruisers as opposed to one based on command of the sea 
by battleships. In addition, the advent of steam propulsion and metal hulls had vastly 
increased the efficiency of maritime transport, which in turn caused a sharp upturn in 
overseas commerce and the wealth generated by this kind of activity. Mahan's choice of 
European great power conflict during the late age of sail as the vehicle for his argument 
also favored discussion of the general struggle for naval supremacy over case studies of 
combined operations along coasts and rivers. So although Mahan clearly recognized the 
importance of power projection from sea to land, it was his examination of the contest for 
command of the sea and its political-economic consequences that created the immediate 
wide audience for The Influence of Sea Power upon History and later publications. The 
resulting association of Mahan with arguments about naval supremacy exclusively 
distorted perception of his identity as a strategic theorist, setting the stage for misleading 
comparisons with writers who focused more attention on the relationship of land and 
seapower, such as C.E. Callwell and Julian Corbett. But a far greater problem was created 
by the serious misunderstanding of the basic character of Mahan's rendition of European 
naval history in the age of sail, which led to the drawing of faulty inferences about 
Mahan's fundamental views on grand strategy. 

The "influence of sea power" series began in the mid-17 th century with a situation in 
which three major maritime states— France, the Netherlands, and England— were roughly 
balanced with respect to naval prowess and accomplishment. It ended in the early 19 th 
century with the wars of the French Revolution and Empire, during which Britain's Royal 
Navy more or less ruled the waves. In addition to the two works named previously, which 
provided an overview of the entire period, there were two supporting case studies: a 
biography of Admiral Horatio Nelson and an account of the War of 1812. In terms of 
plot, the entire series could be read as the story of the rise of Britain's naval supremacy 
and its consequent achievement of economic and political preeminence in Europe. In 
terms of moral, the series seemed to say that Britain's sustained, aggressive use of a large 
fleet to obtain territory, wealth, and power could be emulated by any state that had the 
mind and will to follow the British example. Mahan, many believed, had produced an 




analytical history that was intended as a grand strategic primer for his own times, and in 
particular for the government of his own country. He was indeed a proponent of a much- 
strengthened U.S. Navy. It was thus not hard to imagine that he hoped that his homeland 
would become the world's greatest power in the 20 th century by the same means that 
Britain had used to achieve this status in the period covered by his histories. And the fact 
that the United States ultimately rose to the top in large part through the effective use of 
naval supremacy only reinforced the propensity to draw inferences such as these about 
Mahan's underlying motive. 

Careful consideration of Mahan's actual writing in the "influence of sea power" series, his 
political-economic outlook, and his punditry about the future course of world politics, 
however, makes it impossible to accept the foregoing characterizations of his account of 
naval warfare in the late age of sail and their intended application to the 20 th century. The 
first installment of the series is about the failure of France to exploit its maritime assets 
properly, which, in Mahan's view, allowed Britain to achieve major successes in war 
virtually by default. Mahan chose to close the book with a disproportionately lengthy 
account of the American Revolution, a conflict in which sound French policy and 
deployments resulted in Britain's defeat and the loss of a vast and rich colonial territory. 
In the wars of the French Revolution and Empire, the navy of France was compromised 
from the start by political upheaval and institutional disintegration. The second 
installment was thus about Britain's use of naval supremacy to contain a militarily 
preeminent France through a strategy of attrition. Mahan did not hold that the ultimate 
outcome was preordained— that is, naval supremacy as such guaranteed victory. Given 
the evenness of the balance between the opposing sides, he argued in both the second and 
the third installments, the triumph of Britain depended upon extraordinary operational 
naval leadership in the person of Nelson. In the concluding installment, Mahan's main 
theme was that inadequate American naval strength was the fundamental explanation of 
diplomatic failure before the War of 1812, and naval operational impotence, with all its 
attendant serious strategic drawbacks, during the conflict. 

Britain and its naval strategy did not, in short, represent the focus of the "influence of sea 
power" series. Mahan's histories did not comprise a simple morality play about a single 
state acting according to a prescribed general course of action but rather provided a 
complex picture of the interrelated dynamics of naval and maritime commercial activity 
on the one hand, and international politics on the other. Mahan's essentially liberal 
political-economic views, moreover, meant that he rejected the mercantilist conception of 
a world consisting of competing players with mutually exclusive interests. Mahan 
believed that free trade between nations promoted increases in the volume of 
international exchanges of goods that worked to the benefit of all participants. The great 
expansion of French overseas shipping after the War of the Spanish Succession, he 
argued in the first installment of the series, was attributable to peace and the removal of 
restrictions on commerce, not government initiatives. In the second installment, Mahan 
observed that seapower was an organism that included not only organized naval force but 
also free maritime enterprise. While the former depended upon state funding and 
direction, the latter thrived in the absence of government interference. During the wars of 
the French Revolution and Empire, Mahan maintained, the British state was able to 




exploit the prosperity produced by an international sea-based mercantile system that it 
could protect but did not possess. It was not, in other words, the owner of seapower, but 
rather its custodian. 

Mahan believed that Britain had been both the defender and main beneficiary of seaborne 
trade in the late 18 th and early 19 th centuries because Parliament had been dominated by a 
small group of men with close ties to maritime commerce. Such an oligarchy was 
predisposed to favor heavy spending on the navy, which produced a fleet strong enough 
to defend a merchant marine that carried a large proportion of the world's overseas trade. 
Over the course of the 19 th century, however, the democratization of the British political 
system undercut the manipulation of government policy by a mercantile elite. As a 
consequence, Mahan argued, the British state of the late 19 th and 20 th centuries had lost 
the will to finance a navy capable of defending what had become a much larger and 
increasingly multinational system of oceanic economic exchange. Moreover, in Mahan's 
view, no single democratized power could be capable of assuming such a burden. For this 
reason— and the fact that he was convinced that free trade conditions provided large 
benefits to all major maritime countries— Mahan concluded that in the 20 th century, naval 
supremacy would be exercised by a transnational consortium of navies. The basis of such 
a system, he insisted, would not be formal agreement, but the absence of important 
conflicts of political interest coupled to a common stake in the security of a highly 
productive form of economic activity. Mahan was thus convinced that Britain and the 
United States would cooperate without recourse to a treaty, and that in such a relationship 
the latter would serve as the junior partner. To play even this supporting role effectively, 
Mahan insisted America needed a larger navy. He did not advocate the creation of an 
American Navy that was stronger than every other unless the British navy was weakened 
by inadequate financing or war with a competing European enemy. 

Mahan offered his views on the future course of international affairs in articles written for 
periodicals that were later collected and published as books, and in several occasional 
book- length monographs. Mahan contemplated a range of possible courses of events. 
These included the containment of an expansionist Russia by an international coalition, 
war between Britain and Germany, and even a cataclysmic collision between European 
and Asian civilizations. What he did not do was apply a crude reading of the great power 
contests of the late age of sail to the industrial future by imagining the rise of a 
hegemonic United States through offensive naval war and mercantilist economic policy. 
And while his realist temperament prompted him to argue that war and the threat of war 
would be likely facts of life for the foreseeable future, Mahan did not rule out either the 
possibility or desirability of general peace founded upon the workings of an international 
system of free trade. In such a world economy, he was confident that the energy and 
entrepreneurial spirit of the American people would enable them to compete successfully. 

In the second half of the 19 th century, the onset of industrialization transformed naval 
materiel within the span of a generation. When Mahan was a midshipman at the United 
States Naval Academy just before the American Civil War, he was trained on wooden 
sailing ships armed with muzzle-loading guns. By the time he retired from the Service at 
the end of the century, steel warships propelled by steam and equipped with breech- 




loading guns of much larger size and power were standard. The sudden obsolescence of 
much of what had constituted traditional naval fighting practice as a result of rapid 
technical change, and the virtually worldwide sense that what really mattered in war was 
the possession of the latest and therefore most capable naval armaments, undermined the 
self-confidence of naval executive officers. Conversely, naval officer technicians could 
celebrate the wonders of technical improvement and claim that the critical importance of 
qualitative advantage in materiel had made their activity central to the efficiency of the 
Navy. Moreover, administrative burdens were magnified by the needs of managing the 
new technology and also the expansion of the American fleet that began in the 1880s, 
which created a large class of naval officer bureaucrats with pretensions to higher status 
that were not directly connected to executive command at sea. 

These developments alarmed Mahan. By dint of intellectual patrimony and personal 
experience in the greatest conflict ever fought by his Service up to his time, he had 
decided opinions on the paramount value of effective leadership in war and how it might 
be developed. Mahan's father, Dennis Hart Mahan, a distinguished professor at the 
United States Military Academy at West Point, believed that great executive leadership 
was of crucial importance in war. The elder Mahan observed that at critical junctures, a 
commander would be confronted with complex, contingent, changing, and contradictory 
information, which meant that decisionmaking could never be reduced to the mechanistic 
application of rules or principles. The development of the kind of temperament required 
to facilitate sound judgment under such circumstances, he was convinced, could be 
encouraged by the study of detailed and analytically rigorous operational history. There 
can be little doubt that this outlook was imparted to his son, in whom it was later 
reinforced by the younger Mahan's direct observation of command decisionmaking in the 
Civil War. Alfred Thayer Mahan's first publication of 1879 was an essay on naval 
education, in which he attacked what he regarded as the overemphasis of technical 
subjects and called for much greater attention to the study of what amounted to the liberal 
arts. Such an approach, he maintained, would develop the moral qualities that officers 
required to be able to make decisions in the face of danger and uncertainty. The vital role 
of moral strength with respect to executive command and the appropriate means of 
improving it in naval officers became a theme in Mahan's later writing that was no less 
important to him than his examination of the relationship between naval affairs and 
international politics. 

In The Influence of Sea Power upon History, Mahan argued that while tactics changed as 
the character of armaments changed, the validity of the basic principles of strategy was 
relatively unaffected by technical progress, and human character was an absolute 
constant. History, therefore, might have little to say that was of current applicability to 
tactics but a great deal that was pertinent to strategy and operational command. Mahan 
devoted as much attention in the main narrative of this work to the strategic direction of 
naval operations as he did to his grand strategic argument about the relationship between 
naval supremacy and the course of international politics. He also made a few 
observations about the critical effect of individual moral character on the exercise of 
naval command. In later installments of the "influence of sea power" series, he remained 




no less attentive to strategic questions and, through his treatment of Nelson's leadership 
qualities, wrote at length about the moral dimensions of executive decisionmaking in war. 

In several of his articles, Mahan maintained that the essence of effective command was 
rapid and judicious risktaking while bearing the burden of full responsibility for the 
outcome of action. This set of characteristics was alien to the scientific mentalite of the 
engineer, which dealt deliberately with the discovery of certainty about physical matters 
through controlled experiment, and the bureaucratized mindset of the administrator, 
which countenanced delay and fragmented accountability. In peace, an executive leader 
had few if any opportunities either to display his capacity for war command or acquire 
experience that would enable him to develop it, while technicians and bureaucrats 
flourished in the pursuit of engineering innovation or administrative expansion. For 
Mahan, therefore, serious naval history of the kind that he had produced in the "influence 
of sea power" series served two major practical functions. First, it reminded the Navy of 
what executive war command was and why it was important. And second, it provided a 
sound educational basis for developing it in officers who had no war experience. The 
latter task was accomplished through the telling of stories about naval decisionmaking in 
war that prompted readers to imagine the psychological dynamics as well as material 
circumstances that conditioned the direction of operations in a real conflict. 

Mahan lacked the powers of technical ratiocination that were needed to evaluate properly 
a complex engineering problem such as capital ship design. His criticisms of the all-big- 
gun battleship in the early 20 th century, therefore, failed to take into account several 
significant factors, which exposed his analysis to swift and thorough destruction. But 
Mahan was not a naval technological Luddite. If he was a critic of many of the claims 
made for mechanical innovation, it was because he was convinced that such progress had 
not eliminated uncertainty from decisionmaking in war and that the decadence of the 
naval executive ethos was thus a dangerous weakness. His antidote to the technological 
determinists of his time was history rather than political science. This was because he 
believed that the verisimilitude that accompanied detailed narrative about things that had 
actually happened could engage the minds and feelings of students of command in ways 
that a summary statement of lessons or abstractions could not. Mahan's preference for 
historical representation over the construction of explanatory systems when dealing with 
the past is in line with much that has been argued by proponents of chaos and complexity 
theory. And his recommended remedy to moral dilemma— confidence in intelligent 
intuition— is one that is supported by the findings of cognitive science. Viewed in light of 
the work in these cutting-edge areas of inquiry into the natures of human learning and 
behavior, the writings of Mahan may be regarded as not just relevant, but revelatory. 

A Cognitive Point of Departure 

For nearly 100 years, Alfred Thayer Mahan's pronouncements on naval affairs and 
international politics were too famous to be ignored but were also too extensive, difficult, 
and complicated to be easily understood as a whole. From the start, most writers on naval 
history and strategy misperceived his work, and successive generations compounded the 
errors of their predecessors, which created a large literature whose shortcomings further 




obstructed access to the meaning of the original texts. As a consequence, Mahan's basic 
ideas have been misrepresented as follows. First, sea control was always the central 
question of naval strategy. Second, the ideal of national grand strategy was the 
achievement of naval supremacy as the prerequisite to international economic and 
political preeminence. And third, success in naval warfare depended upon the correct 
application of certain principles of strategy. These propositions add little to discussions of 
current naval concerns, which consider the American possession of sea control and a 
monopoly of superpower status practically as givens and are dominated by contemplation 
of the transformation of fighting practice by radical technological innovation. 

The major arguments of Mahan revealed by comprehensive and rigorous critical 
examination, however, are very different than has been supposed. Moreover, the issues 
that prompted him to put pen to paper were remarkably similar to those of today. He 
began both his naval and writing careers dealing with joint operations in coastal waters. 
Mahan was confronted by the rapid expansion of a global system of free trade and 
uncertainty about what America's proper naval role under such conditions should be. And 
his generation witnessed a "revolution in naval affairs" occasioned by the replacement of 
preindustrial with industrial naval armaments, which raised large questions about the 
nature of war command and the education of those who would exercise it. 

Mahan's contemplation of these problems produced the following conclusions. First, 
close cooperation between land and sea forces is essential for the success of joint 
operations, whose outcomes could determine the victor in a major war. Second, the cost 
of building and maintaining a navy that is unilaterally strong enough to command the 
seas is too high for any single power, and for this reason sea control in the 20 th century 
and beyond would be the responsibility of a transnational consortium of navies. And 
third, great advances in technology do not diminish reliance upon the good judgment of 
naval executive leaders, who could best be prepared for high-level decisionmaking in war 
by the proper study of history. 

Identifying Mahan's basic attitudes toward power projection from sea to land, naval 
supremacy, and the relationship between technological change and officer education does 
more than correct academic error. What were believed to be Mahan's ideas created a body 
of theory— whether through acceptance, modification, or rejection— that forms an 
enduring element of the thought processes of most senior military officers and civilian 
defense professionals. Changing what has long been a cognitive point of departure, 
therefore, has significant implications for anyone concerned with the future of national 
security policy and military strategy. 

Mahan has been widely regarded as the discoverer of what he supposedly believed were 
universal truths about naval strategy that were to be applied directly. The fact is that 
Mahan's propositions were observations about particular phenomena rather than general 
lessons. When dealing with Mahan, the focus of inquiry should not, for this reason, be 
upon the statement of principle or delineation of precedent, but rather on his choice of 
issues and the complexities of the historical cases that were his main subjects. The crucial 
linkages between his past and our present, in other words, are not to be found in his 




conclusions, but in his questions and his conduct of the inquiry. These are still worth 
engaging because Mahan faced problems that were similar to those that confront states 
and their militaries today, and he did so with a powerful intelligence that was informed 
by rich experience and wide reading. History was the venue for Mahan's scholarly labors, 
because he understood both the limits of theory and the power of narrative when it came 
to matters of human behavior and social organization under the conditions of war. While 
there is much more that can and should be written about the general and particular 
aspects of armed forces and national military power, approaching— to say nothing of 
matching— the intellectual standard of Mahan's pioneering achievement will not be easy. 

Applying Mahan to Space 

Mahan's major concerns and his questions about them can be restated in terms of 
spacepower as follows: 

• What is the economic significance of the development of space activity, and to 
what degree does future American economic performance depend upon it? 

• What are the security requirements of space-based economic activity? 

• What role should the U.S. Government play in the promotion of space-based 
economic activity and its defense? 

• What kind of diplomatic action will be required to support space-based economic 
activity and its defense? 

Mahan's writing about seapower suggests the following answers. First, activity in space 
will, in manifold ways, have large and growing economic effects, and will therefore be 
highly significant for the economic future of the United States. Second, the security 
requirements of space-based economic activity will involve costs that are beyond the 
means of any single nation-state, including the United States. Third, U.S. Government 
policy can support the economic development of space and contribute to the defense of 
such activity, but the dynamics of both will be largely determined by private capitalism 
and other nation-states with major interests in the space economy. And fourth, American 
diplomacy should encourage international economic activity in space and be directed 
toward the creation and sustenance of a multinational space security regime. 

Mahan's views on education and professionalism raise the question of what kind of study 
would best serve the development of a distinctive approach to spacepower. Mahan would 
almost certainly have opposed tendencies to think of space problems in primarily 
technical or operational terms. He used the history of naval and maritime affairs in the 
age of sail to formulate productive insights about such activity in his industrial present 
and future. His contention was that analysis of the distant past had utility in spite of very 
great differences in political-economic perspective (mercantilism as opposed to free 
trade) and technology (wooden construction and sail power as opposed to steel ships and 
steam propulsion). A similar approach to spacepower would be to use the history of 
industrial navies in the 20 th century as the basis of significant thought about certain 
salient aspects of spacepower. Such an expedient would in effect transpose the venue of 
historical study forward— that is to say, the history of the 20 th century would serve as an 




instructive platform for the 21 st as Mahan had used the history of the 18 th century to guide 
the 19 th . In addition, the naval subjects studied would change, emphasis being shifted 
from the examination of campaigns and wars to the consideration of technological change 
on the one hand, and patterns of change in grand strategic, strategic, operational, and 
tactical practice on the other. A great deal of attention would also have to be paid to such 
matters as the forms of transnational political, economic, and military and naval 
cooperation, and the interplay of economics, finance, legislative and executive politics, 
and bureaucratic administration with respect to the design and production of weapons. 
The writing of such a history would require use of state-of-the-art historical techniques 
and knowledge of an enormous scholarly literature and would demand imaginative 
speculation about important matters that have not yet been investigated. No such history 
exists, and bringing it into being would be an enormous undertaking. 



Notes 

1. An earlier version of this article was published in 2001 as "Getting New Insight from Old Books: 
The Case of Alfred Thayer Mahan," in the Naval War College Review. The article is presented 
here in its entirety, with slight modification, and is followed by a commentary on its relevance to 
the discussion of spacepower. 




Chapter 2: 

On the Nature of Military Theory 

Harold R. Winton 



The quest for a theory of spacepower is a useful enterprise. It is based on the proposition 
that before one can intelligently develop and employ spacepower, one should understand 
its essence. It is also based on the historical belief that, over the long haul, military 
practice has generally benefited from military theory . 1 While such a conviction is 
generally true, this happy state has not always been realized. Faulty theory has led to 
faulty practice perhaps as often as enlightened theory has led to enlightened practice . 2 
This does not necessarily call into question the utility of theory per se, but it does 
reinforce the need to get it about right. Taking the broader view, it is a trait of human 
nature to yearn for understanding of the world in which we live; and when a relatively 
new phenomenon such as spacepower appears on the scene, it is entirely natural to seek 
to comprehend it through the use of a conceptual construct. Thus, one can at least hope 
that the common defense will be better provided for by having a theory of spacepower 
than by not having one. 

This chapter will deal only tangentially with spacepower. Its main task is to explore the 
nature of theory itself. First, it examines the general and somewhat problematic 
relationship between theory and the military profession. Next, it surveys what theorists 
and academics say about the utility of theory. It then seeks to determine what utility 
theory actually has for military institutions, particularly in the articulation of military 
doctrine. Finally, it offers a few implications that may be germane to a theory of 
spacepower. 

Theory and the Military Profession 

To examine the relationship between theory and the military profession, we must first 
assess the salient characteristics of each . 3 

Webster's definition of theory as "a coherent group of general propositions used as 
principles of explanation for a class of phenomena" 4 is a pretty good place to start. It 
highlights the essential task of explanation and the desirable criterion of coherence. But if 
we stand back a bit, we can tease out several other functions of theory. The first two 
occur before its explanatory function. Theory's first task is to define the field of study 
under investigation, or, in Webster's words, the "class of phenomena." In visual terms, 
this defining act draws a circle and declares that everything inside the circle is 
encompassed by the theory, while everything outside it is not. In the theory of war, for 
example, Carl von Clausewitz offers two definitions. The first states baldly, "War is thus 
an act of force to compel our enemy to do our will ." 5 After introducing the limiting factor 
of rationality into the consideration of what war is, Clausewitz expands this definition as 




follows: "War is not a mere act of policy but a true political instrument, a continuation of 
political activity with other means." 6 A synthesis of these two definitions would be that 
war is the use of force to achieve the ends of policy. Although the utility of this definition 
has been argued at some length, it leaves no doubt as to what Clausewitz's theory is 
about. 7 

The next task of theory is to categorize— to break the field of study into its constituent 
parts. Here it may be helpful to visualize the subject of the theory as a spherical object 
rather than a circle. The sphere can be divided in many different ways: horizontally, 
vertically, diagonally, or, if it is a piece of citrus fruit, into sections that follow the natural 
internal segmentation. Again, reference to Clausewitz is instructive. War has two 
temporal phases— planning and conduct— and two levels— tactics and strategy— each 
with its own dynamics. 8 Furthermore, wars could also be categorized according to their 
purpose (offensive or defensive) and the amount of energy (limited or total) to be devoted 
to them. 9 A word about categorization is important here because it relates to the 
continuous evolution of theory. Theories tend to evolve in response to two stimuli: either 
new explanations are offered and subsequently verified that more accurately explain an 
existing reality, or the field of study itself changes, requiring either new explanations or 
new categories. An example of the former is the Copernican revolution in astronomy. 10 
An example of the latter is the early 20 th -century discovery of the operation, which 
emerged from the industrial revolution's influence on the conduct of war, as the 
connecting link between a battle and a campaign and subsequently led to the study of 
operational art as a new subdiscipline of military art and science. 11 

The third, and by far the most important, function of theory is to explain. Webster's 
definition cited above is correct in emphasizing theory's explanatory role, for, as Nicolaus 
Copernicus, Johannes Kepler, Albert Einstein, and scores of other theorists so clearly 
demonstrated, explanation is the soul of theory. In the military sphere, Alfred Thayer 
Mahan's statement that the sea is "a wide common, over which men may pass in all 
directions, but on which some well-worn paths show that controlling reasons have led 
them to choose certain lines of travel rather than others" explains the underlying logic of 
what are today called sea lines of communication.' 2 Reading further in Mahan, one finds 
an extended explanation of the factors influencing the seapower of a state. 13 Explanation 
may be the product of repetitive observation and imaginative analysis, as Copernicus' 
was, or of "intuition, supported by being sympathetically in touch with experience," as 
Einstein's was. 14 In either case, theory without explanatory value is like salt without 
savor— it is worthy only of the dung heap. 

But theory performs two additional functions. First, it connects the field of study to other 
related fields in the universe. This marks the great utility of Clausewitz's second 
definition of war, noted above. Although war had been used as a violent tool of political 
institutions dating to before the Peloponnesian War, Clausewitz's elegant formulation, 
which definitively connected violence with political intercourse, was perhaps his most 
important and enduring contribution to the theory of war. 




Finally, theory anticipates. The choice of this verb is deliberate. In the physical realm, 
theory predicts. Isaac Newton's theory of gravitation and Kepler's laws of planetary 
motion, combined with detailed observations of perturbations in the orbit of Uranus and 
systematic hypothesis testing, allowed Urbain Jean Joseph Le Verrier and John Couch 
Adams independently to predict the location of Neptune in 1845 , 15 But action and 
reaction in the human arena, and therefore in the study of war, are much less certain, and 
we must be content to live with a lesser standard. Nevertheless, anticipation can be 
almost as important as prediction. In the mid-1930s, Mikhail Tukhachevskii and a coterie 
of like-minded Soviet officers discovered that they had the technological capacity "not 
only to exercise pressure directly on the enemy's front line, but to penetrate his 
dispositions and to attack him simultaneously over the whole depth of his tactical 
layout." 16 They lacked both the means and the knowledge that would allow them to 
extend this "deep battle" capability to the level of "deep operations," where the problems 
of coordination on a large scale would become infinitely more complex. But the 
underlying conceptual construct— that is, what was practically feasible on a small level 
was theoretically achievable on a much larger scale— was a powerful notion that has only 
recently been fully realized in the performance of the U.S. Armed Forces in the Gulf 
Wars of 1991 and 2003. 

But theory also has its limitations. No theory can fully replicate reality. There are simply 
too many variables in the real world for theory to contemplate them all. Thus, all theories 
are to some extent simplifications. Second, as alluded to earlier, things change. In the 
realm of military affairs, such change is uneven, varying between apparent stasis and 
virtual revolution. Nevertheless, military theory always lags behind the explanatory curve 
of contemporary developments. Thus, we can here paraphrase Michael Howard's famous 
stricture on doctrine, theory's handmaiden, and declare dogmatically that whatever 
theories exist (at least in the realm of human affairs), they are bound to be wrong— but it 
is the task of theorists to make them as little wrong as possible. 17 

This observation leads to a brief consideration of the several sources of theory. The first 
lies in the nature of the field of study about which the theory is being developed. As 
Clausewitz noted in his discussion of the theory of strategy, the ideas about the subject 
had to "logically derive from basic necessities." 18 These necessities are rooted in the 
nature of the thing itself, its phenomenology. As time passes, men accumulate experience 
related to the phenomenon, and this experience contributes to the refinement and further 
development of theory. As Mahan famously noted of naval strategy, "The teachings of 
the past have a value which is in no degree lessened." 19 But if theory has one foot firmly 
rooted in the empirical past, it also has the other planted in the world of concepts. In other 
words, theory draws from other relevant theory. It is no accident that Julian Corbett's 
instructive treatise Some Principles of Maritime Strategy begins with an extended 
recapitulation of On War, which might lightheartedly be characterized as "Clausewitz for 
Sailors." 20 Corbett was keenly aware that the theory of war at sea, while distinct in many 
ways from the theory of war on land, had to be rooted in a general conceptual framework 
of war itself. He also knew that Clausewitz provided a solid base upon which to build. 

But Corbett's work is also emblematic of another source of theory: dissatisfaction with 
existing theory. This notion of dissatisfaction runs like a brightly colored thread 




throughout almost all of military theory. Clausewitz wrote because he was fed up with 
theories that excluded moral factors and genius from war; Corbett wrote to correct 
Mahan's infatuation with concentration of the fleet and single-minded devotion to the 
capital ship; and J.F.C. Fuller railed against what he called the alchemy of war, whose 
poverty of thought and imagination had led to the horrors of World War I. 21 

To sum up, although theory is never complete and is always bound to be at least 
somewhat wrong, it performs several useful functions when it defines, categorizes, 
explains, connects, and anticipates. And it is primarily a product of the mind. There are 
good reasons that the world produces relatively few theorists worthy of the name. The 
formulation of useful theory demands intense powers of observation, ruthless intellectual 
honesty, clear thinking, mental stamina of the highest order, gifted imagination, and other 
attributes that defy easy description. 22 These are not qualities normally associated with the 
military profession. 

Why is this so? First, war is an intensely practical activity and a ruthless auditor of both 
individuals and institutions. The business of controlled violence in the service of political 
interest demands real attention to detail and real results. Complex organizations of people 
with large amounts of equipment must be trained and conditioned to survive under 
conditions of significant privation and great stress, moved to the right place at the right 
time, and thrust into action against an adversary determined to kill or maim in frustrating 
the accomplishment of their goals. Those who cannot get things done in this brutal and 
unforgiving milieu soon fall by the wayside. 

Second, war demands the disciplined acceptance of lawful orders even when such orders 
can lead to one's own death or disfigurement. A Soldier, Sailor, Marine, or Airman 
unwilling to follow orders is a contradiction in terms. Thus, there is an inherent bias in 
military personnel to obey rather than to question. On the whole, this tendency does more 
good than harm, but it tends to limit theoretical contemplation. 

Finally, war is episodic. Copernicus could look at the movement of the planets on any 
clear night and at the sun on any clear day. But war comes and goes, rather like some 
inexplicable disease, and the resulting discontinuities make it a difficult phenomenon 
about which to theorize. 

I do not mean to imply that the military profession is inherently antitheoretical. There are 
countervailing tendencies. As both Sun Tzu and Clausewitz cogently observed, the very 
seriousness of war provides a healthy stimulus to contemplation. 2. Its episodic nature, 
while restricting opportunity for direct observation, does provide opportunity for 
reflection. Furthermore, the very complexity of war, while limiting the ability of theorists 
to master it, creates incentives for military practitioners to discover simplifying notions 
that reduce its seeming intractability. And we would not have seen the appearance of 
institutions of higher military learning, societies for the study of the martial past, or a 
virtual explosion of military literature over the last 20 years were there not some 
glimmerings of intellectual activity surrounding the conduct of war. 




But the larger point remains: there are underlying truths about both theory and the 
military profession that make the relationship between the two problematic at best. 
Despite this inherently uneasy relationship, there is sufficient evidence that theory has 
utility in military affairs to justify probing more deeply. In doing so, I would like to 
follow a dual track: to explore the question of what utility theory should have for military 
institutions and what utility it actually does have. In investigating the former, the study is 
confined to the opinions of theorists and educators. In the latter, it plumbs the empirical 
evidence. But an important caveat before proceeding: tracing connections between 
thought and action is intrinsically difficult. When the nature of the thought is conceptual, 
rather than pragmatic, as theory is bound to be, such sleuthing becomes even more 
challenging, and one frequently is forced to rely on inferential conjecture and even a bit 
of imagination to connect the deed to an antecedent proposition. 

The Theorists Make Their Case 

A narrow but rich body of discourse about theory's contribution to individual military 
judgment is densely packed in On War. Clausewitz's line of thought is most cogently 
revealed in book two, "On the Theory of War." He begins this discourse by classifying 
war into the related but distinct fields of tactics and strategy. He follows with a stinging 
critique of the theories of his day that seek to exclude from war three of its most 
important characteristics: the action of moral forces, the frustrating power of the enemy's 
will, and the endemic uncertainty of information. From this, he deduces that "a positive 
teaching is unattainable ." 24 Clausewitz sees two ways out of this difficulty. The first is to 
admit baldly that whatever theory is developed will have decreasing validity at the higher 
levels of war where "almost all solutions must be left to imaginative intellect ." 25 The 
second is to argue that theory is a tool to aid the contemplative mind rather than a guide 
for action. 

This formulation leads to some of the most majestic passages of On War. Theory is "an 
analytical investigation leading to a close acquaintance with the subject; applied to 
experience— in our case, to military history— it leads to thorough familiarity with it." 
Clausewitz elaborates: 

Theory will have fulfilled its main task when it is used to analyze the 
constituent elements of war, to distinguish precisely what at first seems 
fused, to explain in full the properties of the means employed and to show 
their probable effects, to define clearly the nature of the ends in view, and 
to illuminate all phases of war through critical inquiry. Theory then 
becomes a guide to anyone who wants to learn about war from books; it 
will light his way, ease his progress, train his judgment, and help him 
avoid pitfalls. . . . Theory exists so that one need not start afresh each time 
sorting out the material and plowing through it, but will find it ready to 
hand and in good order. It is meant to educate the mind of the future 
commander, or, more accurately, to guide him in his self-education, not to 
accompany him to the battlefield; just as a wise teacher guides and 




stimulates a young man's intellectual development, but is careful not to 
lead him by the hand for the rest of his life . 26 

This view of theory has a particular implication for military pedagogy. It requires that 
education begin with broad principles, rather than an accumulation of technical details. 
"Great things alone," Clausewitz argued, "can make a great mind, and petty things will 
make a petty mind unless a man rejects them as alien ." 27 But Clausewitz also makes it 
abundantly clear that the cumulative insights derived from theory must ultimately find 
practical expression: 

The knowledge needed by a senior commander is distinguished by the fact 
that it can only be attained by a special talent, through the medium of 
reflection, study, and thought: an intellectual instinct which extracts the 
essence from the phenomena of life, as a bee sucks honey from a flower. 

In addition to study and reflection, life itself serves as a source. 

Experience, with its wealth of lessons, will never produce a Newton or an 
Euler, but it may well bring forth the higher calculations of a Conde or a 
Frederick. ... By total assimilation with his mind and life, the 
commander's knowledge must be transformed into a genuine capability. . . 

. It [theory] will be sufficient if it helps the commander acquire those 
insights that, once absorbed into his way of thinking, will smooth and 
protect his progress, and will never force him to abandon his convictions 
for the sake of any objective fact . 28 

Thus, a century before Carl Becker advanced the proposition that "Mr. Everyman" had to 
be his own historian in order to function effectively in daily life, Clausewitz argued that 
every commander had to be his own theorist in order to function effectively in war . 29 In 
Clausewitz' s view, the essential role of theory was to aid the commander in his total 
learning, which synthesized study, experience, observation, and reflection into a coherent 
whole, manifested as an ever-alert, perceptive military judgment. 

There is, however, another view of the utility of theory, most famously articulated by 
Baron Antoine Henri de Jomini, Clausewitz's chief competitor in this arena. Jomini 
indeed believed in the power of positive teaching. Although he was prepared to admit 
that war as a whole was an art, strategy —the main subject of his work— was "regulated 
by fixed laws resembling those of the positive sciences ." 30 Following this point- 
counterpoint formula again, he conceded that bad morale and accidents could prevent 
victory, but: 

These truths need not lead to the conclusion that there can be no sound 
rules in war, the observance of which, the chances being equal, will lead to 
success. It is true that theories cannot teach men with mathematical 
precision what they should do in every possible case; but it is also certain 
that they will always point out the errors which should be avoided; and 
this is a highly important consideration, for these rules thus become, in the 




hands of skillful generals commanding brave troops, means of almost 
certain success. 31 

This fundamental belief in the efficacy of prescriptive theory led Jomini to formulate his 
theory itself much differently than Clausewitz. At the epicenter of Clausewitz's theory, 
we find a trinity of the elemental forces of war— violence, chance, and reason— acting on 
each other in multifarious ways, whose dynamics the statesman and commander must 
thoroughly consider before deciding whether to go to war and how to conduct it. 32 
Jomini's central proposition consists of a series of four maxims about strategy that he 
summarized as "bringing the greatest part of the forces of an army upon the important 
point of a theater of war or of the zone of operations." 33 Jomini's principle-based approach 
to theory has had great endurance over the years. It perhaps found its most complete 
expression in J.F.C. Fuller's The Foundations of the Science of War, a treatise whose nine 
didactic imperatives, each expressed as a single word or short phrase, continue to 
resonate in contemporary doctrinal manuals. 34 

Clausewitz's and Jomini's views of theory were not mutually exclusive. Jomini addressed 
some of the wider considerations of policy central to Clausewitz, particularly in the 
opening chapter of The Art of Ware' And Clausewitz occasionally engaged in formulaic 
statements, perhaps most notably in his observation that "destruction of the enemy force 
is always the superior, more effective means, with which others cannot compete." 36 
Nevertheless, their two approaches— one descriptive, the other prescriptive— represent 
the two normative poles concerning the utility of theory. 

But we find useful insights into the utility of theory from more modern observers as well. 
In his 1959 foreword to Henry E. Eccles's important but much-neglected work, Logistics 
in the National Defense, Henry M. Wriston, then president of the American Assembly at 
Columbia University, opined, "Theory is not just dreams or wishful thinking. It is the 
orderly interpretation of accumulated experience and its formal enunciation as a guide to 
future intelligent action to better that experience." 37 In this pithy and elegant formulation, 
Wriston captures an important truth: the fundamental social utility of theory is to help 
realize man's almost universal longing to make his future better than his past. The fact 
that the book that followed offered a theory of military logistics was but a particular 
manifestation of a general verity. Several years later, J.C. Wylie, a reflective, combat- 
experienced Sailor, developed a formulation similar to Wriston' s that described the 
mechanics of translating theory into action: 

Theory serves a useful purpose to the extent that it can collect and 
organize the experiences and ideas of other men, sort out which of them 
may have a valid transfer value to a new and different situation, and help 
the practitioner to enlarge his vision in an orderly, manageable and useful 
fashion— and then apply it to the reality with which he is faced. 38 

In sum, there are two somewhat polar philosophies of how theory should influence 
practice. In the Clausewitzian view, it does so indirectly by educating the judgment of the 
practitioner; in the Jominian view, it does so directly by providing the practitioner 




concrete guides to action. Wriston and Wylie, both slightly more Clausewitzian than 
Jominian, provide a useful synthesis and update of Clausewitz and Jomini, rearticulating 
the value of theory to the military professional. 

Influence of Theory on Military Institutions 

In the modem age, theory has its most immediate influence on military institutions in the 
form of doctrine, a sort of stepping stone between theory and application. Along a scale 
stretching from the purely abstract to the purely concrete, doctrine occupies something of 
a middle ground representing a conceptual link between theory and practice. Having 
come much into vogue in the U.S. Armed Forces since the end of the Vietnam War and 
with its popularity propagated to many other institutions as well, doctrine also represents, 
in a sense, sanctioned theory. In other words, there are two principal distinctions between 
theory and doctrine: the latter is decidedly more pragmatic, and it is stamped with an 
institutional imprimatur. How does theory influence doctrine? Generally speaking, we 
would expect theory to provide general propositions and doctrine to assess the extent to 
which these strictures apply, fail to apply, or apply with qualifications in particular eras 
and under particular conditions. In other words, the intellectual influence flows from the 
general to the particular. But at times, the relationship is reversed. This occurs when 
doctrine seeks to deal with new phenomena for which theory has not yet been well 
developed, such as for the employment of nuclear weapons in the 1950s, or when 
doctrine developers themselves formulate new ways of categorizing or new relational 
propositions. In cases such as these, doctrine may drive theory. In seeking to examine the 
relationship between the two in detail, we will explore the theoretical underpinnings of 
the 1982 and 1986 statements of U.S. Army doctrine and the 1992 articulation of U.S. 

Air Force doctrine. 

Our first laboratory for exploring these relationships is the Army in the aftermath of the 
Vietnam War. In 1976, it promulgated Field Manual (FM) 100-5, Operations . This 
manual was deliberately crafted by its principal architect, General William E. DePuy, 
first commander of the U.S. Army Training and Doctrine Command (TRADOC), to 
shake the Army out of its post-Vietnam miasma and provide a conceptual framework for 
defeating a Soviet incursion into Western Europe. 39 It succeeded in the first but failed in 
the second. DePuy definitely got the Army's attention, and he culturally transformed it 
from being indifferent toward doctrine to taking it quite seriously. But his fundamental 
concept of piling on in front of Soviet penetrations, which he referred to as the "Active 
Defense," did not find favor. It was seen as reactive, rather than responsive; dealing with 
the first battle, but not the last; and insufficiently attentive to Soviet formations in the 
second operational and strategic echelons. Thus, the stage was set for a new manual, a 
new concept, and a new marketing label. 

The new manual was the 1982 edition of FM 100-5; the new concept was to fight the 
Soviets in depth and hit them at unexpected times from unexpected directions; and the 
new marketing label was "AirLand Battle." The principal authors were two gifted 
officers, L.D. "Don" Holder and Huba Wass de Czege. Both had advanced degrees from 
Harvard University (Holder in history, Wass de Czege in public administration); both 




were combat veterans of the Vietnam War; and both were sound, practical soldiers. The 
manual they produced under the direction of General Donn A. Starry, DePuy's successor 
at TRADOC, was clearly informed by theory as well as history. From Clausewitz came 
notions such as the manual's opening sentence, "There is no simple formula for winning 
wars"; a quotation to the effect that "the whole of military activity must . . . relate directly 
or indirectly to the engagement"; "The objective of all operations is to destroy the 
opposing force"; and another direct citation characterizing the defense as a "shield of 
[well-directed] blows." 4 " But there was also a strong element of indirectness in the manual 
that one could trace to the ideas of Sun Tzu, who was mentioned by name, and Basil H. 
Liddell Hart, who was not. Sun Tzu was quoted to the effect that "rapidity is the essence 
of war; take advantage of the enemy's unreadiness, make your way by unexpected routes, 
and attack unguarded spots"; soldiers were adjured that "our tactics must appear formless 
to the enemy"; and one of the seven combat imperatives was to "direct friendly strengths 
against enemy weaknesses." 41 Additionally, the manual's extensive discussion of "Deep 
Battle," which advocated striking well behind enemy lines to disrupt the commitment of 
reinforcements and subject the opposing force to piecemeal defeat, drew heavily on the 
legacy of Mikhail Tukhachevskii, V.K. Triandafillov, A.A. Svechin, and other Soviet 
thinkers of the 1920s and 1930s 42 Although it was politically infeasible to acknowledge 
this intellectual debt at the height of the Cold War, the apparent reasoning here was that 
one had to fight fire with fire. And the strong emphasis on "Deep Battle" was an 
outgrowth of an intensive study of Soviet military practices dating back to the earliest 
years of the Red Army. A further reflection of this debt was the introduction of a 
variation of the Soviet term operational art into the American military lexicon as the 
operational level of war 43 

When the manual was updated 4 years later, a third author, Richard Hart Sinnreich, was 
brought into the work. Sinnreich's professional and academic credentials were just as 
sound as those of his two compatriots: combat time in Vietnam, an advanced degree in 
political science from The Ohio State University, and well-developed soldiering skills. 
Holder, Wass de Czege, and Sinnreich engaged in a collaborative effort that expanded 
and conceptualized the notion of operational art. But rather than associating the term 
operational strictly with large-scale operations, as had been done in the previous edition, 
the 1986 manual defined operational art as "the employment of military forces to attain 
strategic goals in a theater of war or theater of operations through the design, 
organization, and conduct of campaigns and major operations." 44 This depiction of 
operational art as a conceptual link between tactical events (the building blocks of major 
operations) and strategic results significantly broadened the Soviet concept and made it 
applicable to the wide variety of types of wars that the U.S. Army might have to fight. It 
also harkened back to Clausewitz's definition of strategy as "the use of an engagement for 
the purpose of the war." 45 The manual then ventured into some theory of its own in 
requiring the operational commander to address three issues: the conditions required to 
effect the strategic goal, the sequence of actions necessary to produce the conditions, and 
the resources required to generate the sequence of actions. The combination of a new 
definition of operational art and a framework for connecting resources, actions, and 
effects gave the manual an underlying coherence that made it an extremely valuable 
document in its day and an admirable example of the genre of doctrinal literature. 




Roughly contemporaneously with the publication of the second expression of the Army's 
AirLand Battle doctrine, a group of Airmen with a scholastic bent was assembled at the 
Airpower Research Institute (ARI) of the U.S. Air Force College of Aerospace Doctrine, 
Research, and Education to launch a bold experiment in the formulation of Air Force 
basic doctrine. This effort was based on an idea put forth by the highly respected Air 
Force historian Robert Frank Futrell, who opined that doctrine should be published with 
footnotes to document the evidence supporting the doctrinal statements. 46 The ARI 
Director, Dennis M. Drew, a Strategic Air Command warrior who had served at Maxwell 
Air Force Base since the late 1970s and held an advanced degree in military history from 
the University of Alabama, decided to put Futrell's idea to the test. But he and his 
research/writing team ultimately determined to expand on Futrell's basic notion. They 
would publish the doctrine in two volumes. The first, relatively thin, document would 
contain the bare propositional inventory; the second, more substantial, tome would lay 
out the evidence upon which the statements in the first were based. The process involved 
a good deal of both research and argument; but by the eve of the 1991 Gulf War, Drew 
and his team had produced a workable first draft. Publication was delayed until 1992 to 
allow the Air Force to assimilate the experience of that war. The result was what Air 
Force Chief of Staff Merrill A. Me Peak called "one of the most important documents 
published by the United States Air Force." 47 Arguably, he was correct. No other American 
military Service had ever mustered the intellectual courage to put its analysis where its 
propositions were. It was potentially, in form alone, a paradigm for a new, analytically 
rigorous approach to the articulation of doctrine 48 

As one would suspect, the primary influence on the manual was empirical. Historical 
essays addressed issues such as the environment, capabilities, force composition, roles 
and missions, and employment of aerospace power as well as the sustainment, training, 
organizing, and equipping of aerospace forces 49 But there was a notable conceptual cant 
as well. The opening pages either paraphrased or quoted Clausewitz: "War is an 
instrument of political policy"; "the military objective in war is to compel the adversary 
to do our will"; and "war is characterized by 'fog, friction, and chance.'" 50 And the notion 
that "an airman, acting as an air component commander, should be responsible for 
employing all air and space assets in the theater" was right out of Giulio Douhet and Billy 
Mitchell. 51 There was also, like the 1982 version of FM 100-5, a nod in the direction of 
Sun Tzu and Fiddell Hart: "Any enemy with the capacity to be a threat is likely to have 
strategic vulnerabilities susceptible to air attack; discerning those vulnerabilities is an 
airman's task." 52 The only place that the propositional inventory appeared to be but thinly 
supported by underlying concepts or evidence was a page-and-a-quarter insert titled "An 
Airman's View," which contained a series of statements that could perhaps be summed up 
in a single aphorism: airpower does it better. 53 Nevertheless, the 1992 statement of Air 
Force basic doctrine represented a bold, promising new approach to doctrinal formulation 
and articulation. Given this strong dose of intellectual rigor, it is not surprising that the 
experiment was short-lived. 54 

Nevertheless, in summing up the actual interplay between theory and the military 
profession, we can conclude that the institutional relationship between military theory on 
the one hand and military doctrine on the other is fairly direct. 




Implications for a Theory of Spacepower 



Having surveyed the nature of military theory, the general relation between theory and 
the military profession, and the particular relationship between theory and doctrine, it 
remains to suggest a few implications of this analysis for the theory of spacepower. 

First, great care and extended debate should be devoted to articulating the central 
proposition, or main idea, of spacepower theory. One that is cast narrowly to focus only 
on spacepower's contributions to national security will take the theory in one direction. 
One that is cast more broadly to acknowledge spacepower's contributions to the 
expansion of man's knowledge of the universe will take it in another. Within the narrower 
ambit of national security, the construct of the theory should be informed by its purpose, 
which is related to the target audience. Here, Clausewitz's admonition is germane. In this 
author's opinion, one should not aim at some sort of positivist teaching that will spell out 
in precise and unambiguous fashion exactly what some future space forces commander or 
policymaker influencing the development of spacepower should do in a given situation. 
Rather, the theory should aim to assist the self-education of such individuals. To do this, 
it should focus on explanatory relationships within categories of spacepower itself and 
among spacepower and other related fields in the military-political universe. Given the 
relative newness of spacepower as both an instrument of military force and a vehicle for 
scientific exploration, and given as well the speed at which technological developments 
are likely to alter the physics of relationships among space-power subfields, it should be 
the tenor of a spacepower theory to develop a fairly firm list of questions that will inform 
the development and employment of spacepower but to recognize that the answers to 
those questions can change both rapidly and unexpectedly and must, therefore, remain 
rather tentative. Finally, it would be helpful to use the five-fold functions of definition, 
categorization, explanation, connection, and anticipation as a heuristic device to check 
the work for its efficacy and relevance. Such a review will not guarantee a useful product. 
It may, however, help to reduce errors and to sharpen the analysis of relevant issues. 

In summary, both the nature and history of military theory indicate that the task of 
developing a comprehensive, constructive theory of space-power will not be easy. Nor 
can the present attempt be considered the final word on the subject. It can, nevertheless, 
move the dialogue on spacepower to a new and more informed level and thus make a 
worthwhile contribution to the enhancement of national security and perhaps to the 
conduct of broader pursuits as well. 
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Chapter 3: 

International Relations Theory and Spacepower 

Robert L. Pfaltzgraff, Jr. 



The traditional focus of international relations (IR) theory has been peace and war, 
cooperation and competition, among the political units into which the world is divided— 
principally states, but also increasingly nonstate actors in the 2 1 st century. Until the 
advent of technologies for air- and spacepower, all interaction took place on the Earth's 
surface. With the development of manned flight, followed by our ability to venture into 
space, international relations expanded to include the new dimension provided by the air 
and space environment. Just as terrestrial geography framed the historic setting for 
international relations, space is already being factored more fully into 21 st -century IR 
theory, especially as rivalries on Earth, together with perceived requirements for 
cooperation, are projected into space. The foundations for the explicit consideration of 
space exist in IR theory. In all likelihood, new theories eventually will emerge to take 
account of the novel features of space as we come to know more about this environment. 
For the moment, however, we will think about space with our theories about Earth-bound 
political relationships as our essential point of departure. Just as we have extended 
Eurocentric IR theory to the global setting of the 2 1 st century, such theories will be tested 
in space. Because all IR theories either describe or prescribe interactions and 
relationships, space becomes yet another arena in which to theorize about the behavior of 
the world's political units. The assumption that theories developed for Earth-bound 
relationships apply in space will be reinforced, modified, or rejected as we come to know 
more about human interaction in space. We may theorize about IR theory as it applies to 
the relationships between entities in space as well as how space affects the relationship 
between political units on Earth. We may also speculate about the extent to which space 
would eliminate or mitigate conflicts or promote cooperation between formerly hostile 
Earthly units if they found it necessary to confront an extraterrestrial foe. Such issues 
open other areas for speculation and discussion, including the potential implications of IR 
theory as space becomes an arena in which Earthly units attempt to enhance their position 
on Earth and eventually to establish themselves more extensively in space. 

We need not live in fantasyland to think about the extension of Earthly life to space. This 
could include orbiting space stations building on the achievements of recent decades as 
well as colonies of people whose forebears originated on Earth but who have established 
themselves far from Earth. The need for IR theory about space could also arise from the 
development of transportation and communication routes among space colonies and 
space stations, and between peoples living on asteroids and the Moon as well as other 
planets. We may think of asteroids as either fragmenting objects that could destroy or 
alter Earth or as a basis for extending man's reach into space. As Martin Ira Glassner 
points out, such activities in space environments "will inevitably generate questions of 
nationality and nationalism and sovereignty, of ownership and use of resources, of the 




distribution of costs and benefits, of social stratification and cultural differences, of law 
and loyalties and rivalries and politics, of frontiers and boundaries and power, and 
perhaps of colonial empires and wars of independence ." 1 This will provide a fertile 
environment for theorizing about existing and potential political relationships. We will 
come to understand more fully the extent to which Earthly theories can be projected onto 
space or the need to evolve entirely new ways of thinking about space. Because space is 
not the exclusive domain of governments, theories will include private sector entities as 
well. In this respect, the present IR theory emphasis on states as well as actors other than 
states has direct applicability. 

Colonization of the Moon, asteroids, and planets would present humans with challenges 
to survival in space not encountered on Earth. We would greatly enhance scientific 
knowledge in a setting with greater or lesser levels of gravity and potentially lethal 
cosmic ray exposure, to mention only the most obvious differences with Earthly life. At 
the same time, we would face far different circumstances related to political and social 
relationships. For example, the challenges to survival would probably be so great that the 
rights of the individual might be sacrificed to the needs of the collective, or rugged 
individualism and self-reliance would be essential. Space colonies would be dependent 
for a time on their mother country on Earth but increasingly would be compelled by vast 
distances and time measured by years from Earth to fend for themselves. Barring 
dramatic technological advances that compress such travel time, the interactive capability 
of space colonies, whether with each other or with Earth, would be extremely limited. A 
premium would be placed on independence, and leadership would be measured by the 
ability to adapt to new and harsh circumstances. 

There are many other unknowns concerning political and social relationships in space. 
We literally do not know what we do not know. Would Earthly religions be strengthened 
or weakened by space knowledge? It cannot be known in advance whether space 
colonization would reinforce existing social science theory about the behavior of 
individuals or groups with each other or lead to dramatic differences. For example, under 
what conditions in space would there be a propensity for greater conflict or for greater 
cooperation? In the absence of such experience in space, we have little choice but to 
extrapolate from existing IR theory to help us understand such relationships in space. In 
any event, the testing of theory about interaction of humans in space lies in the future. 
Our more immediate goal is to gain a greater understanding of how IR theory can (and 
does) inform our thinking about the near-term space issues, notably how space shapes the 
power of Earthly states, while we also speculate about the longer term issue of social 
science theory and relationships within and between groups in space. Thus, we think first 
about the extension of capabilities of states into space as a basis for enhancing their 
position on Earth and only subsequently about how sociopolitical relationships might 
evolve between space-based entities far from Earth. 

The huge expanse of space provides a rich basis for theory development about relations 
between the Earth and the other bodies of the solar system and ultimately perhaps 
between these entities themselves. If social science theorizing is based on our images 
about the world surrounding us, how we imagine, or develop images about, the evolution 




of such relationships can only give new meaning to the word imagination as a basis for 
future IR theory. What is unique about space is the fact that we are dealing with infinity. 
Whereas the terrestrial land mass and the seas have knowable finite bounds, we literally 
do not know where space ends or understand the implications of infinity for how we 
theorize about space. In its space dimension, IR theory will evolve as emerging and 
future technologies permit the more extensive exploration, and perhaps even the 
colonization, of parts of the solar system and the exploitation of its natural resources, 
beginning with the Moon and ultimately extending beyond our solar system. As in the 
case of Earth-bound geopolitical theorizing, the significance of space will be determined 
by technologies that facilitate the movement of people, resources, and other capabilities. 
Those technologies may be developed as a result of our assumptions about the 
geopolitical or strategic significance of space extrapolated from IR theory and the 
requirements that are set forth in our space-power strategy. 

From IR theory we derive the notion, building on geography, that a new arena becomes 
first an adjunct to the security and well-being of the primary unit and, later, a setting to be 
controlled for its own sake. Airpower was first envisaged as a basis for enhancing ground 
operations but subsequently became an arena that had to be defended for its own sake 
because of the deployment of vulnerable assets such as heavy bombers. As technologies 
become more widely available, they are acquired by increasing numbers of actors. Such 
technologies proliferate from the core to the periphery, from the most advanced states to 
others. Space becomes first an environment for superpower competition, as during the 
Cold War, to be followed by larger numbers of states developing space programs. At 
least 35 countries now have space research programs that are designed to either augment 
existing space capabilities or lead to deployments in space. Others are likely to emerge in 
the decades ahead. 

IR theory has long emphasized power relationships, including the extent to which power 
is the most important variable for understanding the behavior of the political units into 
which the world is divided. The theory addresses questions such as: How pervasive is the 
quest for power, and how should power be defined? Given its centrality to IR theory, 
power in the form of spacepower represents a logical extension of this concept. 
Spacepower consists of capabilities whose most basic purpose is to control and regulate 
the use of space. This includes the ability, in the words of the 2006 U.S. National Space 
Policy, to maintain "freedom of action in space" as vital to national interests. According 
to the National Space Policy, "United States national security is critically dependent upon 
space capabilities, and this dependence will grow." 

All Presidents since Dwight Eisenhower have stated that preserving freedom of passage 
in space is a vital U.S. interest that should be protected for all of humankind. Freedom of 
passage through space represents a norm embodied in the 1967 Outer Space Treaty. This 
is analogous to sea control, which encompasses freedom of passage in peacetime and the 
ability to deny an enemy the use of the seas during wartime. In the future, the interests of 
space powers will be in assuring safe passage for themselves and for their allies, while 
denying such access to their enemies. In practice, this means that, l ik e the seas, space will 
become an arena for both competition and cooperation as political issues, including 




security, are extended from their terrestrial environment into space. Because IR theory 
has both a descriptive and prescriptive focus on competition and cooperation, it 
inevitably becomes the basis for speculation and theorization about such relationships in 
space, including spacepower. 

Definitions of spacepower focus on the ability, as Colin Gray points out, to use space and 
to deny its use to enemies. 2 Spacepower is a multifaceted concept that, like power in IR 
theory, is "complex, indeterminate, and intangible," as Peter L. Hays put it. 3 Spacepower 
includes the possession of capabilities to conduct military operations in and from space 
and to utilize space for commercial and other peaceful purposes. Such capabilities have 
been increasing in the decades since the first German V2 rockets passed through the outer 
edge of space en route to their targets in England in the final months of World War II and 
the Soviets launched the first Sputnik in 1957. These events made space a military arena. 
In recent decades, space has become an essential setting for precision, stealth, command 
and control, intelligence collection, and maneuverability of weapons systems. In addition 
to its military uses, space has also become indispensable to civilian communications and 
a host of other commercial applications. Strategies for dissuasion and deterrence in the 
2 1 st century depend heavily on the deployment of capabilities in space. As a concept, 
spacepower broadens the domain of IR theory from the traditional horizontal 
geographical configuration of the Earth divided into land and the seas to include the 
vertical dimension that extends from airspace to outer space. 

Because spacepower enables and enhances a state's ability to achieve national security, 

IR theory will be deficient if it does not give space more prominent consideration. In the 
decades ahead, spacepower theory and IR theory will draw symbiotically on each other. 

It is increasingly impossible to envisage one without the other. Space is an arena in which 
competition and cooperation are already set forth in terms and issues reminiscent of 
Earth-bound phenomena. Spacepower includes assumptions drawn from IR theory. Our 
theories about the political behavior of states and other entities in space are extensions of 
our hypotheses about terrestrial power. To the extent that our theories emphasize 
competition on Earth, we theorize in similar fashion about such interactions in the 
domain of space. If we emphasize the need for regimes to codify and regulate Earth- 
bound relationships, we extend such thinking to the dimension represented by space. 
Indeed, the ongoing debates about space, including its militarization and weaponization, 
have direct reference points to IR theory. The inclusion of space in IR theory will evolve 
as we incorporate space into national security because IR theory, like social science 
theory in general, is contextual. As E.H. Carr has written: "Purpose, whether we are 
conscious of it or not, is a condition of thought; and thinking for thinking's sake is as 
abnormal and barren as the miser's accumulation of money for its own sake." 4 We 
theorize, or speculate, about relationships among the variables that constitute the world 
that exists at any time. 

However, states in some instances work with other states to develop cooperative 
arrangements that govern their relationships. It is to be expected that they would 
undertake efforts to regulate their operations in space as they do on Earth by developing 
legal and political regimes based on normative standards. Cooperative arrangements are 




already deemed necessary to prevent the stationing of weapons of mass destruction in 
space. It is the goal of our adversaries to place limits on U.S. terrestrial activities, and it 
would be unusual to expect them to try to do otherwise in space. Space becomes another 
arena for states to attempt to limit the activities of other states and to develop "rules of the 
road" favorable to their interests and activities. Thus, we have the basis for theory that 
prescribes how political entities in space should possibly interact with each other, 
including the kinds of regimes and regulations states may seek to develop in space. 

At this early stage in space, we have already devoted extensive intellectual energy to 
prescribing how such entities should relate to each other. According to E.H. Carr, 
because "purpose, or teleology, precedes and conditions thought, at the beginning of the 
establishment of a new field of inquiry the element of wish is overwhelmingly strong." 5 
This leads to normative thinking about how we would like human behavior to evolve in 
space. Carr was describing IR theory as it developed in the early decades of the 20 th 
century. However, IR theory was erected on a rich base of historical experience dating 
from the Westphalian state system that had arisen in the mid- 17 th century. There is as yet 
no comparable basis for developing and testing theories about political relationships in 
space. With this important caveat in mind, we turn first to IR theory and spacepower in 
its geopolitical, or geostrategic, setting and then to other efforts, existing and potential, to 
theorize about space and to link IR theory to spacepower. Subsequent sections deal with 
geopolitics, realist theory, liberal theory, and constructivism. 

Geopolitics and IR Theory 

The process of theorizing about space is most advanced in the area of the geopolitics of 
the domain. This is a derivative of classical geopolitical theory. According to Everett C. 
Dolman, geopolitical theory developed for the Earth and its geographical setting can be 
transferred to outer space with the "strategic application of new and emerging 
technologies within a framework of geographic, topographic, and positional knowledge." 6 
He has developed a construct that he terms Astropolitik, defined as "the extension of 
primarily nineteenth- and twentieth-century theories of global geopolitics into the vast 
context of the human conquest of outer space." 7 Although space has a unique geography, 
strategic principles that govern terrestrial geopolitical relationships nevertheless can be 
applied. States have behavioral characteristics, notably a quest for national security, that 
exist on Earth but that may also govern state behavior in space, thus opening the way for 
consideration of those theories about national interest as states acquire interests and 
capabilities in space. Dolman suggests that geopolitical analysis can be folded into the 
realist image of interstate competition extended into space. 

Geopolitical theory represents a rich and enduring part of the literature of IR theory. In 
fact, all IR theory is based on environing factors that are physical (geography) and 
nonphysical (social or cultural), as Harold and Margaret Sprout have pointed out. 8 As the 
Sprouts recognized, all human behavior takes place in a geographic setting whose 
features shape what humans do or cannot do. Although geography pertains to the 
mapping of the Earth's surface, its physical differentiation has important implications for 
the behavior of the units that inhabit the various parts of the world, for example, as land 




or sea powers and now space powers. Thus, geography is crucially important. However, 
the significance of specific aspects of geography, or geographic location, changes as 
technology changes. For example, technology has exerted a direct influence on how wars 
are fought and how commercial activity has developed. As the seas became the dominant 
medium for the movement of trade and commerce, port cities developed. As land 
transportation evolved, junctions and highway intersections shaped land values. As 
resource needs changed, the importance of the geographical locations of resources such 
as reserves of coal or oil rose. If vitally important natural resources are found in 
abundance in certain locations in space, their geopolitical importance will be enhanced. 
The exploitation of such resources may become the basis for international cooperation or 
competition in order to secure or preserve access. 

Central in the writings of classical geopolitical theorists such as Alfred Thayer Mahan 
and Sir Halford Mackinder is the direct relationship between technology and power 
projection. As long as technology favored the extension of power over the oceans 
(Mahan), those states most fully able to build and deploy naval forces were preeminent. 
The advent of the technological means for rapid movement of large forces over land 
(Mackinder), and subsequently for flight through the Earth's atmosphere, transformed not 
only the ways in which war could be waged, but also the hierarchy of states with the 
necessary capabilities. Thus, there was a close relationship between technology and the 
utilization, both for military and civilian purposes, of the Earth's surfaces— maritime and 
land— as well as the surrounding atmosphere and exosphere. Such a frame of reference 
emerges from the analysis of historic technological-strategic-economic relationships. 
Similarly, the existence of technologies for the transport of formerly Earth-bound objects 
into outer space has implications for both military and civilian activities at least as great 
as those changes that accompanied the great technological innovations of the past. 

Historically, geopolitical theorists tell us, technology has had the effect of altering the 
significance of specific spatial relationships. The advent of the airplane, and subsequently 
the means to penetrate outer space, provided a whole new dimension to geopolitics. As 
long as human activities were restricted to the Earth's surface, they were subject to 
constraints imposed by the terrain. Although the seas are uniform in character, human 
mobility via the oceans is limited by the coastlines that surround them. No such 
constraints exist above the Earth's surface, in airspace or in outer space. In this 
environment, the possibilities of unprecedented mobility and speed enable states to seek 
either to protect their interests or project their power. For such purposes, they may exploit 
opportunities for surveillance, reconnaissance, and verification, as well as the potential 
afforded by space as an arena for offensive and defensive operations. 

Just as geopolitical theorists have set forth their ideas about the political significance of 
specific geographical features, comparable efforts have been made to address 
"geography" in space. Writing on the geopolitics of space focuses on gravity and orbits. 
Gravity is said to be the most important factor in the topography of space because it 
shapes the "hills and valleys" of space, which are known as gravity wells. A simple 
astropolitical (geopolitical) proposition has been set forth: the more massive the body, 
such as a planet or moon, the deeper the gravity well. The expenditure of energy in travel 




from one point to another in space is less dependent on distance than on the effort 
expended to break out of gravitational pull to get from one point to another. The 
geographical regions of space have been divided into near Earth orbit, extending about 
22,300 miles from the Earth's surface; cislunar space, extending from geosynchronous 
orbit to the Moon's orbit and including the geopolitically important Lagrange libration 
points, discussed below; and translinear space, extending from an orbit beyond the Moon, 
where the gravitational pull of the Sun becomes greater than that of the Earth, to the edge 
of the solar system. 9 

As with the Earth, an understanding of the geopolitics of space emerges initially from 
efforts to delineate the physical dimensions of the space environment. We need not 
review in great detail the literature on this important topic. What should be immediately 
obvious, however, is the limited applicability of the national sovereignty concept that 
governs nation-state relationships on Earth. The farther one ventures into space, the more 
difficult it becomes to determine what is above any one point on Earth. States can assert 
exclusive jurisdiction within their airspace because it lies in close proximity to their 
sovereign territory and they are more likely to have the means to enforce their claim to 
exclusive jurisdiction. Of course, this calculation could be changed by the development 
and deployment of capabilities constituting spacepower. The Earth and its atmosphere 
have been likened to the coastal areas of the seas on Earth. The high sea of Earth space is 
accessible only after we are able to break through the Earth's atmosphere or, in the case 
of the high seas, to pass beyond the coastal waters. 

Earth space is the environment in which reconnaissance and navigation satellites 
currently operate. It is the setting in which space-based military systems, including space- 
based missile defense, would be deployed. Beyond this segment of space lies the lunar 
region encompassing the Moon's orbit. It is of special importance because it contains the 
Lagrange libration points where the gravitational effects of the Earth and Moon would 
cancel each other out. As Marc Vaucher pointed out in a seminal paper on the geopolitics 
of space, the military and commercial importance of these points is vast. 10 They are at the 
top of the gravity well of cislunar space, meaning that structures placed there could 
remain permanently in place. Because of the effects of the Sun, however, only two of the 
five Lagrange libration points (L4 and L5) are regarded as stable. 

Finally, as we venture from lunar space, we would enter the solar space that lies beyond 
the Moon's orbit, encompasses the planets and asteroids of the solar system, and exists 
within the gravity well of the Sun. As already noted, the asteroids are feared as objects 
that could eventually collide with the Earth and end life as we know it. Alternatively, 
they could represent the new frontier of space exploration. In this latter case, asteroids 
become the basis for stations in space en route to the Moon or from Earth or Moon to 
other planets. Asteroids are said to acquire geostrategic importance as their potential for 
enhancing space travel increases. 



Realist Theory and Spacepower 




In order to understand its implications for spacepower, realist theory can be examined in 
each of its three major variations. These include classical realist theory as set forth by 
Hans Morgenthau; 11 structural realist theory developed by Kenneth Waltz; 12 and 
neoclassical realist theory. 13 What has made realist theory as a whole such a prominent 
part of the IR theory landscape is its multidimensionality, including hypotheses that can 
be generated at each of the levels of analysis of IR theorizing: the international system, 
the units that comprise the international system, and the behavioral characteristics of the 
units themselves. Among the key variables of realist theory, in addition to power, is the 
concept of competing national interests in a world of anarchy, with states comprising an 
international system that requires them to rely extensively on their own means of survival 
or to join alliances or coalitions with others sharing their interests. Although realist theory 
does not (yet) contain an extensive emphasis on space, it is possible to derive from its 
variants numerous ideas as a basis for further IR theory development. We begin with 
national interest. 

According to classical realist theory, the territorial state pursues national interest, which 
is defined by a variety of factors such as geography, ideology, resources, and capabilities 
based on the need to ensure its survival in a world of anarchy. Because international 
politics is a struggle for power, it can easily be inferred that spacepower is a 
manifestation of such a struggle. With the advent of space technologies, national interest 
now includes space. If international rivalries on Earth are being projected into space, 
theories about how states deal with them on Earth can also be extended into space. 
Because technologically advanced states are heavily dependent on space-based assets, the 
ability to defend or destroy such assets becomes a key national security concern, as in the 
case of the United States. Although states are the current entities that may threaten the 
space capabilities of other states, not-so-distant future challenges may come from terrorist 
groups capable, for example, of launching an electromagnetic pulse attack that would 
destroy or disable vital electronic infrastructures, including telecommunications, 
transportation, and banking and other financial infrastructures, and food production and 
distribution systems. 14 Such a threat would arise from a nuclear weapon detonated 80 to 
400 kilometers above the Earth's surface directly over the United States or adjacent to its 
territory. However, those entities best able to safeguard their Earth-bound interests 
through the exploitation of new technologies are also likely to be able to utilize space for 
that purpose. 

Space is a new frontier that will be exploited as part of an inevitable and enduring 
struggle for power. This is the obvious lens through which adherents of the realist theory 
would view space. More than 40 years ago, President John F. Kennedy expressed this 
idea when he declared, "The exploration of space will go ahead, whether we join in it or 
not, and it is one of the great adventures of all time, and no nation which expects to be the 
leader of other nations can expect to stay behind in the race for space." 15 In the absence of 
space leadership, states will lose preeminence on Earth. In recognition of this essential 
fact, competition in space began as soon as technologies became feasible. During the 
Cold War, the Soviet Union challenged the United States in space. Such statements are 
fully in keeping with classical realist theory. 




In the 21 st century, the United States faces increasing numbers of states whose power and 
prestige will be enhanced by their space programs. Therefore, with the advent of space 
technologies, a new dimension has been added to the national interest concept of realist 
theory. The fact that several states have developed national space programs highlights the 
relevance of realist theory in helping to explain why states acquire those programs. As 
already noted, space has begun to be utilized in support of the national interest. That the 
competition characteristic of terrestrial political relationships would be extended to space 
as soon as technologies for this purpose became feasible is implicit in realist theory. This 
includes the ballistic missiles dating from World War II and satellites that had their 
origins in the national security needs for reconnaissance, surveillance, and 
communications during the Cold War. The U.S .-Soviet competition included an 
increasingly important space component that would only have grown more intense if the 
rivalry had gone on for many more years. The dependence of technologically advanced 
states on space, together with their resulting vulnerability to attack in and from space, 
contributes to the relevance of realist theory to the analysis of space and national security. 

Realist theory also contains the assumption that states rely ultimately on themselves for 
survival in the anarchical world of international politics. As sovereign entities, states 
(more accurately, their decisionmakers) determine for themselves how they will ensure 
their survival based on perceptions of national interest. Central to such theory is 
independence, including capabilities that increase the latitude available to states to help 
themselves to survive without outside assistance. Such theory may describe well the 
problems that entities in space will confront, perhaps only mitigated by vast distances 
separating them from each other and minimizing the contact that is essential for conflict, 
while also rendering impossible substantial levels of outside help. What is assumed in 
realist theory about self-help on Earth may be amply magnified in space if and when its 
colonization moves forward. Nevertheless, the vast distances that separate entities in 
space may drastically limit the possibility of armed conflict, as we have known it on 
Earth, between space-based entities on distant planets or asteroids. Even to begin to 
speculate about such behavior is to demonstrate the great latitude for divergent 
perspectives about conflict and cooperation. 

Because national interest can best be understood within a geographical setting, the 
political dimension of geography is integral to realist theory. It has been noted that IR 
theorizing about spacepower begins with space-related geopolitical analysis that cannot 
be separated from national interest. Realist theory thus provides insights into the basis for 
national space policies. According to realist theory, states that are able to develop vast 
terrestrial capabilities are likely to extend their reach into space as technologies for this 
purpose become available. The private sector becomes a vital source of innovation in the 
most advanced economies. Because developed states, and especially the United States, 
have greater technological capabilities to operate in space, they are likely to favor a 
substantial role for the private sector, together with international regimes that regulate the 
use of space and protect the ability of public and private sector entities to operate there. 
Developing countries that cannot afford to divert resources to space or simply lack such 
capabilities are more likely to favor the extension of the common heritage principle to 
space while attempting to place drastic limits on developed countries and perhaps calling 




for mandatory transfers of space technology to developing countries. Such countries view 
space through a different prism of national interest, seeking to restrict or retard more 
developed states from exercising full control or from maximizing spacepower. Such 
behavior on the part of states large and small with regard to space issues is in keeping 
with realist theory. Each state operates according to perceptions of national interest. 

Structural realist theory offers other insights into future space relationships. According to 
Kenneth Waltz, the international structure shapes the options available to units (in this 
case, states). In particular, the international structure is key to understanding unit-level 
behavior. Structure is defined as the type and number of units and their respective 
capabilities. The type and number of states have changed dramatically over time. New 
technologies have conferred unprecedented capabilities, including interactive capacity, on 
the states comprising the international system. Levels of interdependence have increased 
greatly. The foreign policy options available to states differ between bipolar and 
multipolar international systems. Structure shapes how states align with or against each 
other. We have already begun to consider the structural characteristics of space if we 
assume that the planets and their lunar satellites constitute the principal units. The 
geography of space, including where units are strategically situated, provides an 
important basis for theorizing about their relative importance, first, to states and other 
units on Earth and, eventually, perhaps with each other. The physical sciences, including 
astronomy, have already provided vast knowledge about how these units of the solar 
system relate to each other and to the Sun. IR theories will be enriched as we move into 
space and develop political relationships that become the basis for theorizing about the 
sociopolitical entities that will comprise space-based actors. Earlier, the suggestion was 
made that the unique characteristics of space, including distances and other features, will 
shape interactive patterns within and among space-based political units. Space colonies 
may have to operate with great independence because they cannot rely on a Mother Earth 
that would be possibly light years distant. If such assertions are true, they provide insights 
into how structure, extrapolated from structural realist theory, would shape unit behavior 
in space. Perhaps this would resemble in some ways the extremely limited preindustrial 
interactive capacity on Earth when communications between widely separated groups 
were few and often nonexistent. 

Compared to present terrestrial international structures, space structures are likely to 
remain at a very rudimentary level. As technology develops, however, it is not fanciful to 
anticipate that parts of the solar system will be linked in unprecedented fashion as the 
ability to project spacepower rises, thus giving new meaning to space structure. Like the 
proliferation of capabilities leading to new power centers and globalization on Earth, it is 
possible to envisage such an analogy in space someday. This might include space stations 
or capabilities in space controlled from Earth. It might also encompass space colonization 
and the creation of new interactive capacity and patterns in space such as those that take 
place among Earth-based units. In the absence of colonization from Earth as took place in 
the age of European expansion, structural analogies in outer space are obviously 
premature. 




However, a major theme of this chapter is that space exploration and exploitation will 
create interactive patterns that in themselves become the basis for theory and its testing. 
What constitutes those capabilities and how they are distributed among political units will 
be essential to understanding space structures. This may eventually become another level 
of analysis supplementing the existing levels for understanding the source of unit 
behavior. For example, as already discussed, we have begun to factor space into IR 
theory about power relationships. Space control is held by many to be indispensable to 
power on Earth. The extent to which options available to states at one or more levels are 
shaped by spacepower providing for space control contributes to space as an increasingly 
important level of analysis in itself. According to such theory, spacepower becomes the 
essential basis for Earthpower. If entities are to be dominant on Earth, they must control 
space. If space control shapes the foreign policy options available to states on Earth, then 
such theorizing about space replaces or supplements the international system level as the 
key echelon of analysis if we move beyond the structural realist theory of Kenneth Waltz. 

Structural realist theory attaches great importance to the numbers and types of actors, the 
distribution of capabilities among them, and their interactive capabilities. For example, to 
think about globalization today is to understand the growing importance of 
telecommunications, including the Internet and broadband. Only recently has the Earth 
been wired for instantaneous communications. Interactive capacity translates into greater 
interaction that, in turn, creates systemic relationships leading to higher levels of 
specialization and interdependence. Systems as the outgrowth of structures represent a 
major focal point of IR theory. Astronomers have accumulated great knowledge about the 
behavior of the units comprising the solar system, including how such units relate to each 
other and how they are arranged in the solar system. Our theories about the social- 
political behavior of such units will evolve as social or political systems. This means that 
space first will affect interactive patterns, as we already see, of Earthly units with each 
other. Subsequently, the space-based interactive patterns that will become the object of 
theorizing are likely to differ dramatically from those on Earth because of factors such as 
vast distances measured in light years. The social-political solar system will remain far 
more primitive in its development than Earthly international systems, barring major 
advances in space technologies. Nevertheless, it is possible to make use of IR theory 
focused on structure and system to speculate about such space relationships. 

Neoclassical realist theory also provides a basis for discussing space-power and IR 
theory. The effort to refine neorealist theory includes an understanding of the conditions 
under which states choose whether competition or cooperation is the preferred option. 
Although its overall power and the place of the state in the international system 
decisively shape actor choices, foreign policy, potentially including spacepower, is the 
result of choices based on perceptions, values, and other domestic-level factors. Thus, the 
neoclassical realist literature brings together international systems and unit-level 
variables based on the assumption that foreign policy is the result of complex patterns of 
interaction within and between both levels. Neoclassical realist theory rethinks power in 
its offensive and defensive components, including the circumstances under which states 
seek security in an anarchic setting by developing military forces to deter or defend 
against an adversary as well as the level and types of capabilities that are deemed 




sufficient to ensure one state's security without threatening the other side's ability to deter 
or defend. Such issues are easily identifiable in discussions about spacepower. 

A variant of neoclassical realist theory, called contingent-realist theory, emphasizes what 
is termed the offense-defense balance, defined as the ratio of the cost of offensive forces 
to the cost of defensive capabilities. Contingent-realist theory provides a theoretical basis 
for examining when and how states, in a self-help system, decide to cooperate as a means 
of resolving the security dilemma. Entirely consistent with such IR theory, space affords 
yet another setting for states to develop cooperative or competitive relationships. To the 
extent that domestic preferences shape the foreign policy of democratic states, we also 
come close to democratic peace theory. Domestic factors help mold foreign policy 
preferences, including support for cooperation or competition. Such neoclassical realist 
thought leads logically to a discussion about, and possible integration of, other IR 
theories into theory about space, including neoliberal and especially democratic peace 
theory. 

Neoliberal Theories and Space 

Just as space can be viewed as an area for competition, so can it also be the basis for 
cooperation. Such an assertion opens for consideration a spectrum of IR theory beyond 
neoclassical realist theory to be applied to our thinking about space. For example, 
democratic peace theory (DPT) posits that states defined as liberal democracies do not go 
to war with other liberal democracies. Such states are more likely to cooperate with each 
other in space activities than they are with totalitarian governments in space or in other 
endeavors— although the United States and the Soviet Union developed cooperative 
relationships with each other during the Cold War. Liberal democracies in disputes with 
other liberal democracies are likely to resolve their disagreements by means other than 
armed conflict. It is primarily in democracies that debates about the militarization and 
weaponization of space take place. Presumably, democracies that provide the basis for 
colonization or other interactive patterns in space would carry with them the values that 
could shape their behavior in space, just as the seeds of American democracy were 
planted by the British colonists who settled in the New World. Could we conceive of the 
colonization of space leading to forms of government pitting democratic colonies against 
those from nondemocratic states on Earth? Such is the logic of DPT extended into space. 
However, it is plausible to suggest that the rigors of space will test Earthly values in 
environments drastically different than those that exist on Earth, necessitating dramatic 
changes in political and social relationships. Such a suggestion is fully in keeping with 
the assumption that environing factors shape the options available to humans, whether on 
Earth or in space, just as humans make concerted efforts to alter the environment to meet 
their needs. The interactive process between humans and their environment has provided 
an enduring focal point for IR theory and other social science theory. 

As they develop a presence in space as an adjunct to their terrestrial interests, 
democracies and other states have already begun to form regimes that codify normative 
standards designed to facilitate cooperation based on agreed procedures and processes as 
well as common interests and shared values about space-related activities. Those regimes 




may be formal or informal. Formal regimes may be the result of legislation by 
international organizations that are themselves established by democracies and other 
states having an interest in such arrangements. Such formal regimes may possess 
governing councils and bureaucratic structures. In contrast, informal regimes may be 
based simply on consensus about objectives and the interests of the participants. 
Therefore, it is possible to envisage regimes in space or on space issues based on a 
convergence of interests in keeping with realist theory or as the outgrowth of the 
cooperative values of democracies. 

The liberal world vision holds that states and their actors engage in mutually rewarding 
exchanges, including trade based on specialization and comparative advantage. 
Cooperation benefits states as well as individuals and groups that become increasingly 
interdependent. Order emerges as self-interested units in an anarchic setting cooperate for 
mutual benefit. In other words, cooperation may be based on national interests, an idea 
that is compatible with realist theory. Liberal theory holds that cooperation in one sector 
may produce satisfaction that enhances incentives to collaborate in additional sectors, 
leading to what Ernst Haas termed "spillover" or the "expansive logic of sector 
integration ." 16 Just as advances in technology have led to the emergence of a single global 
system and international society, neoliberal theory posits that the extension of man's 
reach into the solar system and ultimately the broader universe will enhance the need for 
cooperation. Both as an expression of the values of a liberal democracy set forth in DPT 
and as a matter of self interest, cooperation becomes an essential part of liberal IR theory 
about space relationships. We do not currently know whether outer space will reinforce 
the competitive dimension or create the need for greater cooperation within and among 
the emerging entities that will populate space. We may hypothesize that the demands of 
life in outer space may enhance the need for cooperation, but we may also consider the 
pursuit of clashing interests between contending groups for control of key space 
geopolitical positions and assets. The answer to such questions, of course, holds 
important implications for the relevance of one IR theory or another to space. At this 
point in time, however, neoliberal theory, like realist theory, has much to offer as we 
speculate about space relationships. 

Constructivism 

Another approach (and a fertile one) to theorizing about space flows from constructivism. 
Whereas much of IR theory usually focuses on relationships among structures that shape 
the behavior of units or agents, and how interactive capacity leads to interactive patterns 
(systems), constructivism views the world in a fundamentally different way. In the 
constructivist image, the building blocks of international society can be best understood 
by analysis of rules, practices, agents, statements, social arrangements, and relationships. 
Constructivism is not a theory, but instead an ontology, an understanding of the nature of 
being, a way of looking at the world. The world is constantly being "constructed" and 
therefore changed as new geopolitical, geoeconomic, or geostrategic changes take place. 
Such changes occur in a setting in which a "vast part of the planet [is] also changing 
'internal' ways of running [its] political, economic, and social affairs. No part of the world 
can avoid these changes or their consequences; the entire world is continuously 'under 




construction .'" 17 What this means is that theories based on phenomena such as states, 
balances of power, anarchy, or national interest are inadequate, if not misleading, because 
they are abstractions that are "constructed" in our minds rather than being objects having 
concrete reality. Instead, human relationships are inherently social in that they are defined 
by the social arrangements made by individuals or groups who are endowed with free 
will. What is acceptable in the form of human behavior at one point in time may not be 
acceptable in a subsequent phase. For example, the role of women in Western society has 
been altered dramatically in the past century. Practices that were once commonplace are 
no longer deemed acceptable. People are constantly changing and redefining their 
relationships based on the practices and rules that they create. Therefore, they are free of 
the material inanimate factor termed structure. Translated into IR theory and space, this 
means that we have the ability to create, or construct, the types of arrangements that we 
may wish to have for space. What is important is how we think about and construct "rules 
rather than imaginary, artificially unified entities such as states or structures. Rules have 
ontological substance; they are there for anybody to see ." 18 

Rules of behavior are the result of a changing intersubjective consensus that arises over 
time from discussions, thought, and action. Just as geopolitics addresses the physical 
environment, constructivism deals with the ideational setting. What we have, according 
to Nicholas Onuf, a leader in constructivist thought, is a continuous "two way process" in 
which "people make society, and society makes people ." 19 As a result of such interaction, 
we develop rules of behavior within institutions and elsewhere. In other words, we 
construct reality as well as our respective individual, group, and national identities. It is 
not a great leap in logic to consider space as an arena in which rules of behavior, first 
derived from Earthly experience and subsequently evolving in light of new factors, lead 
to the construction of newer rules governing behavior as well as identities. According to 
constructivism, new values and expectations are created that become embedded in 
growing numbers of people and spread to broader epistemic communities, defined as 
elites with a shared understanding of a particular subject. Presumably, the organizers of 
this project and its participants fall within this category as they develop an ideational 
basis for thinking about and developing strategies for spacepower. Such epistemic 
communities create a strategy for achieving their goals and play a major innovative role. 
For the constructivist, the essential issue is how such a process will play itself out in 
sectors of importance such as space. Whoever constructs rules of behavior that can be 
applied to space will determine what those rules are, at least to the extent that we are 
dealing with political/ social relationships. 

Conclusion 

This chapter has briefly surveyed four major perspectives or IR theories. Greater depth 
and analysis are required to encompass the more extensive IR theory. This includes 
theories of conflict and war, deterrence and dissuasion, cooperation, integration, and 
political community. To what extent, for example, will the clashes that take place on 
Earth have counterparts in space, and what can conflict theory suggest to us about their 
parameters? By the same token, what can be hypothesized about the forces making for 
greater community and integration, including nationalism and identity, that would have 




direct relevance to space? Although we can only speculate about the answers to such 
questions, IR theory provides a useful point of departure for such an exercise. 



IR theory rests on contending and contrasting assumptions about relationships between 
international units, including states and other actors. Even having far less knowledge of 
space than we have about the Earth, we have already begun to transfer beliefs about 
Earth-bound interactions into our thinking about the behavior of states in space. 

However, space has already become an arena for competition and cooperation. IR theory 
offers alternative explanations about international competition and cooperation. The 
emphasis that we place on competition or cooperation may depend on the IR theory or 
theories on which we choose to rely. This we already do in the case of terrestrial 
international relationships. To the extent that we envisage space as an arena for growing 
competition based on an inevitable quest for power, we will be drawn to realist theory. If 
we emphasize the cooperative dimension, we will likely embrace assumptions derived 
from liberal theory. Because the stakes are immense, how we theorize about space, 
drawing on existing and yet-to-be-developed IR and other social science theories, will 
have major implications for strategies and policies. Because no single IR theory capable 
of describing, explaining, or prescribing political behavior on Earth exists, we cannot 
expect to find otherwise in space. Therefore, it is important to recognize the inherent 
limitations in extrapolating from Earthly IR theory to space, while also drawing wherever 
possible on such theory as we probe farther into space. 
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Chapter 4: 

Real Constraints on Spacepower 

Martin E.B . France and Jerry Jon Sellers 



Any discussion of the bases and tenets of spacepower must begin with a solid 
understanding of the governing physical laws, environment, advantages, and difficulties 
inherent in space systems and their operations . 1 While conferring significant advantages 
on those who can operate there effectively, space presents unique challenges and high 
development costs, both monetarily and experientially. After all, it is rocket science. 
Beyond the equations, too, there exist the complex systems definition and engineering 
needed to "operationalize" space and bring its effects to the user in a timely and 
affordable fashion. From definition of the basic need to delivery of a given capability, the 
variety of technical, programmatic, and acceptable risk issues that must be defined before 
any spacepower can be sustained or developed is daunting. Theorists and users must 
realize that, even on the strategic level, there are irreducible sets of knowledge, 
understanding, and trades that form the foundation of space competency. The purpose of 
this chapter is to highlight these key concepts, serving as a review for some readers, an 
overview for others, and (we hope) a motivation for all to continue to hone their space 
expertise. 

Advantages of Space 

Getting into space is dangerous and expensive. So why bother? The five primary 
advantages space offers for modern society are: 

• global perspective 

• clear view of the heavens 

• free-fall environment 

• abundant resources 

• unique challenge as the final frontier. 

While each of these benefits plays a role in defining a nation's space-power, they may not 
be equally valued. 

Clearly, the global perspective provided by space is a primary motivator for deploying 
commercial, civil, military, and scientific systems there. Space takes the quest for greater 
perspective to its ultimate end, allowing access to large areas of the Earth's surface 
depending upon orbital specifics. Orbiting spacecraft can thus serve as "eyes and ears in 
the sky" to provide a variety of useful services. 

The high ground, once achieved, makes possible several other capabilities that may 
reinforce a nation's space and economic power. Scientifically, space offers a clear view of 




the heavens. From the Earth's surface, the atmosphere blurs, blocks, and disturbs 
(scintillates) visible light and other electromagnetic radiation, frustrating astronomers 
who need access to all the regions of the electromagnetic spectrum to explore the 
universe. Spacecraft such as the Hubble Space Telescope and the Gamma Ray 
Observatory overcome this restriction and have revolutionized our understanding of the 
cosmos. 

Space offers a free-fall environment enabling manufacturing processes not possible on 
the Earth's surface. Though certainly not exploited to date for other than experimental 
value, the potential to manufacture exotic compounds for computer components or 
pharmaceutical products exists. 

Further downstream, space offers abundant resources. While spacecraft now use only one 
of these abundant resources — solar energy— the bounty of the solar system offers an 
untapped reserve of minerals and energy to sustain future exploration and colonization. In 
the not-too-distant future, lunar resources, or even those from the asteroids, might fuel a 
growing space-based economy. 

Finally, space serves simply as a frontier. The human condition has always improved as 
new frontiers were challenged. As a stimulus for technological advances and a crucible 
for creating economic expansion, space offers a limitless challenge that compels national 
and global attention. The act of exploration— across oceans or prairies in the past, and in 
this case pushing back the frontiers of space— has long been a wellspring of pride and an 
expression of power. 

Turning Need into Capability 

From an engineer's perspective, spacepower can be viewed as the exploitation of space- 
based systems (and the natural laws governing them) to achieve national political or 
economic ends. Maintaining and expanding a nation's spacepower hinges on the ability to 
define the need for new systems and turn those needs into capabilities that policymakers 
and war- fighters can exploit. The purpose of the space systems acquisition process is to 
translate those needs into capable systems. The technical foundation of space systems 
acquisition is systems engineering. Fundamentally, the space systems engineering 
process leverages one or more of the advantages of space outlined above to turn needs, as 
defined by policymakers and warfighters, into operational capabilities. The more clearly 
the needs for these systems are articulated in terms of performance, cost, and schedule 
goals, the better systems engineers can make realistic tradeoffs to achieve those goals 
with acceptable risk. 

Ultimately, the intended goals and objectives of the system become defined in terms of 
requirements — single, testable shall statements that define what the system will be or 
shall do and how well. Bounding the universe of possible solutions for any problem are 
constraints . The difference between a requirement and a constraint is really a matter of 
perspective. One person's requirement for a given mechanical interface as defined by a 
specific bolt pattern becomes a constraint from the standpoint of the designer of the 




interface plate. Some requirements are imposed on a system for practical, political, or 
economic reasons and are arguably negotiable at some pay grade, while some constraints, 
such as the laws of physics or the real state of the art, are not subject to negotiation. The 
remainder of this chapter will focus on understanding the source of requirements and 
constraints on space systems — and thus ultimately on spacepower— that form the realm 
of the possible. Fortunately, this realm is vast, offering many asyet-untapped capabilities. 
But the better we understand the limits of this realm, the better we will manage scarce 
resources to achieve best systems— and hence capabilities— to enhance spacepower. 

Mission Architectures 

The increasing complexity and interoperability of space systems have lead to discussions 
of "systems of systems" or, more broadly, mission architectures . A space mission 
architecture includes all of the space and ground elements needed to make the mission 
successful. A mission architecture includes the spacecraft (including payload and bus), 
operating in a specific orbit, interacting with some subject (see figure 4-1). The 
spacecraft is placed into orbit by a launch vehicle and is operated using a defined 
communication architecture that uses ground stations and operators. At the heart of the 
architecture are the objectives, requirements, and other factors that define the mission 
concept. 



Figure 4-1. Mission Architechture 




Source. James R. Wertz and Wiley J. Larson, eds., Space Mission Analysis and Design. 3' 1 ed 
(Dordrecht, Netherlands: Kluwer Academic Publishers. 1999). 




Defining Requirements, Understanding Constraints 



As stated earlier, the need desired by the policymaker or warfighter must eventually be 
articulated as a set of design-to, build-to, and test-to requirements by the systems 
engineer during the acquisition process. If we consider only technical requirements (the 
focus of this chapter), we can divide these requirements into a number of basic categories 
(similar to those specified by Military Standard-96 lc, "Preparation of Military 
Specifications and Associated Documents"). Within these broad categories, we can 
further define a number of typical requirements identified for military missions. These 
requirements are in turn specified by some number of detailed performance parameters. 
Finally, these parameters are constrained by a number of factors (see table 4-1). The 
point of this exercise is to distill the broad operational requirements normally levied on 
space systems down to a handful of constraining factors that affect them. The reader will 
notice a number of recurring themes that affect myriad types of requirements— for 
example, orbital mechanics. The balance of this chapter will explore these constraining 
factors to understand the possibilities and limits they pose on spacepower capabilities. 

Table 4-1. Space Mission and Constraints 




Requirement Category 


Typical Requirement 


Specified by 


Constrained by 


Performance 


Resolution 


Spatial resolution 
Spectral resolution 
Radiometric resolution 
Temporal resolution 


Orbital mechanics 
Remote sensing 
physics 




Data rate 


Bits per second 


Communication 

physics 




Coverage 


Latitude/longitude 

ranges 


Orbital mechanics 




Maneuverability 


Delta-V 


Orbital mechanics 
Space launch and 
rocket propulsion 


Interfaces 


Spacecraft-to-launch 

vehicle 


Mechanical bolt pat- 
tern. connectors pin 
in/out description 


Space launch and 
rocket propulsion 




Spacecraft-to-ground 

segment 


Data rates, frequen- 
cies. modulation 
schemes, encryption 
methods 


Communication physics 




Spacecraft-to-space- 

craft 


Data rates, frequen- 
cies, modulation 
schemes, encryption 
methods. Doppler 
shifts 


Communication physics 


Physical 

Characteristics 


Spacecraft mass, 
volume 
Constellation 
Description 


Mass, volume, 
number of satellites, 
number of orbit 
planes, spacing of 
orbit planes 


Spacecraft state of 
the art 

Orbital mechanics 


Operational 

Environments 


Launch environment 
Space environment 


Vibration, thermal, 
acoustic, radio 
frequency 

gravitational, vacuum, 
neutral atmospheric, 
charged particles, ra- 
diation, micrometeor- 
oid/orbital debris 


Space launch and 
rocket propulsion 
Space environment 


System Quality 


Lifetime 

operability 


Reliability 
Orbit lifetime 
Autonomy, interfaces 


Spacecraft state of 
the art 

Orbital mechanics 
Space launch and 
rocket propulsion 



Orbital Mechanics 



Simply put, an orbit is achieved when an object is moving fast enough that the Earth's 
curved surface is falling away from it faster than the object itself is pulled to the Earth by 
gravity. The velocity of the object (or spacecraft, for our purposes) and its position 
relative to the Earth define the specific orbit in which it moves. At ground level, an object 
would need a velocity of approximately 7 .9 kilometers (km) per second (tangent to the 
Earth's surface) to effectively "fall" around the Earth— neglecting aerodynamic drag, of 
course. This motion is governed by Newton's second law of motion and law of 
gravitation and assumes that the spacecraft acts as a constant point mass, its mass is 
insignificant relative to the Earth's, the Earth is a perfect sphere, and no other forces 
(drag, thrust, solar, or lunar gravity, and so forth) are acting upon our spacecraft. These 
assumptions represent the requirements for the "restricted two-body problem," for which 
Newton's solution describes the spacecraft's location using two constants and a polar 
angle and represents a general relationship for any conic section (circle, ellipse, parabola, 
or hyperbola). 

Describing Orbits 

For the most useful case in this study, we consider the elliptical Earth orbit defined by the 
parameters shown in figure 4-2. 

Figure 4-2. Elliptical Orbit Parameters 
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Source: Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 3 d ed. 
(New York: McGraw-Hill. 2005). figure 4-33’ 



With no other forces acting upon the satellite, both total mechanical energy and angular 
momentum of the spacecraft remain constant throughout its orbit— consistent with 
Newton's laws of motion and the fact that gravity is a conservative force field. While in 
elliptical orbit, then, the satellite is constantly exchanging potential energy and kinetic 
energy, moving from apogee to perigee and back. At apogee — the highest point in an 
orbit— the satellite is moving slowest, while at perigee , the lowest point, it is moving 
fastest. 

Operational orbits can be described in terms of six classical orbital elements (COEs) that 
describe their physical properties (see figure 4-3): 

• semimajor axis, a (orbital size) 

• eccentricity, e (orbital shape) 

• inclination, I (orientation of the orbital plane with respect to the equatorial plane) 

• right ascension of the ascending node, Q (orientation of the orbital plane with 
respect to the Earth-centered reference frame) 

• argument of perigee, u> (orientation of the orbit within its orbital plane) 

• true anomaly, n (spacecraft's location in its orbit). 

Note in the figure that all elliptical orbits must cross (or contain) the equatorial plane and 
have the center of the Earth at one focus of the orbital ellipse. 2 It is not possible to have a 



natural orbit that forms a "halo" above the Earth's pole or that appears motionless 
("hovering") over any spot not on the equator. 

Figure 4-3. Classical Orbital Elements for Earth Orbits 




Source: Jerry J. Sellers et at. Understanding Space: An Introduction to Astronautics, 3° ed. 

(New York: McGraw-Hill, 2005), figure 5-9. 

Earth-orbiting space missions supporting civil, commercial, and military objectives 
generally fall into one of four categories: communications, remote sensing, navigation 
and timing, and scientific. The previously presented physical laws governing spacecraft 
motion form the realm of the possible for which specific mission requirements can be 
met. The orbit's size, shape, and orientation determine whether the spacecraft payload can 
observe its target subjects and carry out other mission objectives. The orbit's size (height) 
determines how much of the Earth's surface the spacecraft's instruments can see, as well 
as how often it might pass overhead. Naturally, the higher the orbit, the more the total 
area that can be seen at once. But just as our eyes are limited in how much of a scene we 
can see without moving them or turning our head, a spacecraft payload has similar 
limitations. We define the payload's field of view as the cone of visibility for a particular 
sensor (see figure 4-4). Depending on the sensor's field of view and the height of its 
orbit, a specific total area on the Earth's surface is visible at any one time, with the linear 
width or diameter of this area defined as the swath width. Some missions require 
continuous coverage of a point on Earth or the ability to communicate simultaneously 
with every point on Earth. When this happens, a single spacecraft may not be able to 
satisfy the mission need, requiring a constellation of identical spacecraft placed in 
different (but often similar) orbits to provide the necessary coverage. The global 
positioning system (GPS) mission requirement, for example, requires a constellation of 
satellites because the mission requirements call for every point on Earth to be in view of 



at least four GPS satellites at any one time— an impossibility with only four satellites at 
any altitude. 



Figure 4-4. Satellite Field of View 




Source : Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 3 d ed. 

(New York: McGraw-Hill, 2005), figure 1-25. 

Figure 4-5 and table 4-2 show various types of missions and their typical orbits. A 
geostationary orbit is a circular orbit with a period of about 24 hours and inclination of 
0°. Geostationary orbits are particularly useful for communications satellites because a 
spacecraft in this orbit appears motionless to an Earth-based observer, such as a fixed 
ground station. Geosynchronous orbits are inclined orbits with a period of about 24 
hours. Ground-based observers above about 70° latitude (north or south) cannot see a 
satellite at geostationary altitude as it is actually below the horizon. A semisynchronous 
orbit (used by the GPS constellation) has a period of 12 hours. Sun-synchronous orbits 
are retrograde (westbound) low Earth orbits (LEOs) typically inclined 95° to 105° and 
most often used for remote sensing missions because they pass over locations on Earth 
with the same Sun angle each time. A Molniya orbit is a semisynchronous, eccentric orbit 
used for missions requiring coverage of high latitudes, those that cannot access a 
geostationary orbit as described above. 

Figure 4-5. Types of Orbits and Their Inclinations 
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Source: Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics. 3 s ed. 
(New York: McGraw-Hill, 2005), table 5-2. 



Table 4-2. Satellite Missions and Orbits 



Mission 


Orbital Type 


Semimajor 
Axis (Altitude) 


Period 


Inclination 


Other 


Communication 
Early warning 
Nuclear 
detection 


Geostationary 


42.158 km 
(35.780 km) 


-24 hr 


-0° 


0 = 0 


Remote 

sensing 


Sun- 

synchronous 


-6,500-7.300 

km 

(-150-900 


-90 min 


-95° 


o = o 


— Weather 


Geostationary 


km) 

42,158 km 
(35,780 km) 


-24 hr 


-0° 


e = o 


Navigation 

-GPS 


Semi-syn- 

chronous 


26,610 km 
(20,232 km) 


12 hr 


55° 


0 = 0 


Space Shuttle 


Low-Earth 

orbit 


-6,700 km 
(-300 km) 


-90 min 


28.5°, 39°. 
51°, or 57° 


0 = 0 


Communcabon/ 

intelligence 


Molniya 


26,571 km (R p 
= 7,971 km/ 
R = 45,170 km) 


12 hr 


63.4° 


u> = 270° 
0 = 0.7 



Source: Jerry J. Sellers et at. Understanding Space: An Introduction to Astronautics. 3 s ed. (New 
York: McGraw-Hill, 2005). table 5-4 



Spacecraft users often need to know what part of Earth their spacecraft is overlying at 
any given time. For instance, remote sensing satellites must be over precise locations to 
get the coverage they need. A spacecraft's ground track is a trace of the spacecraft's path 
over the Earth's surface while the Earth rotates beneath the satellite on its axis. Ground 
tracks are presented to the user on a flat (Mercator) projection of the Earth (see figure 4- 
6). 



Figure 4-6. Satellite Ground Tracks 




Source : Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 3° ed, 
(New York: McGraw-Hill. 2005), figure 5-33. 

The impact of variation in orbital elements such as semi-major axis, inclination, and 
argument of perigee is shown in figures 4-7, 4-8, and 4-9. 1 

Figure 4-7. Orbital Ground Tracks with Different Periods 



1 1 1 1 1 1 1 1 1 1 i 1 i 1 r 




-180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 

A = 2.67 hours; B = 8 hours; C =18 hours; D = E = 24 hours. 

Source : Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 3° ed. 

(New York- Mr.Graw-Hill 20051 fiouro 5-33 



Figure 4-8. Orbital Ground Tracks with Different Inclinations 
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Source: Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 3 d ed. 

(New York: McGraw-Hill, 2005), figure 5-35. 

Figure 4-9. Orbital Ground Tracks with Different Perigee Locations 
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Both orbits have period of 9.3 hours, inclination of 50°, highly elliptical; orbit 
A perigee is in Northern Hemisphere, orbit B perigee is in Southern Hemisphere. 

Source: Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics. 3° ed. 

(New York: McGraw-Hill, 2005), figure 5-36. 



Maneuvers and Rendezvous 



The ability to maintain a desired orbit and orientation within that orbit, to maneuver to 
possibly more useful orbits, or to rendezvous with other objects in space can be critical to 
overall space capability and survivability. Once a spacecraft achieves its assigned, 
desired orbit, it seldom remains there. Most space missions require changes to one or 
more of the classic orbital elements at least once. Geosynchronous satellites, for example, 
are sometimes first launched into a low perigee (~300 km) "parking orbit" due to launch 
vehicle limitations before transferring to their final orbit, requiring a large change in 
semi-major axis as well as shifting the satellite's inclination from that of the parking orbit 
to 0°. After achieving their desired mission orbit, many satellites regularly make small 
adjustments to compensate for small perturbations (for example, drag, solar wind, 
gravitational variations) to stay in that orbit. Spacecraft may also need to perform 
maneuvers to rendezvous with other spacecraft, as when the space shuttle maneuvers to 
dock with the International Space Station. The ability to maneuver in space differentiates 
more capable space systems from simpler buoy-like satellites with limited operational 
flexibility— but these extra capabilities come at some cost. 

Spacecraft maneuvers, beyond simple adjustments to maintain a current orbit, can be 
classified as in-plane, out-of-plane, and combined, referring to the orbital plane into 
which the maneuver is executed. In-plane maneuvers primarily affect the semi-major axis 
of an orbit, enlarging or reducing the "size" of the orbit and therefore increasing or 
decreasing the orbit period. In either case, the spacecraft expends energy— usually in the 
form of burned rocket propellant. Generally, this change in energy takes the form of a 
change in velocity (AV) executed tangentially to the satellite's flight path. The most well 
known of these maneuvers, the Hohmann transfer, is a combination of two such "bums" 
that moves a satellite from one circular orbit to another using minimum energy (see 
figure 4-10). 



Figure 4-10. Hohmann Transfer 




transfer orbit 




Source. Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 
3° ed. (New York: McGraw-Hill, 2005), figure 6-4. 



For the case where a satellite is moved from a lower to a higher orbit, the first bum (all 
bums are assumed to be impulsive) moves the satellite from the initial orbit to the point 
of perigee in the transfer orbit. The transfer ellipse's semi-major axis is the average of the 
semi-major axes of the initial and target circular orbits, and the AV needed to accomplish 
this first phase is the difference in the velocity at that point between the circular and 
elliptical orbits. Once the satellite reaches apogee of the transfer orbit, another burn is 
required to circularize its path into the final orbit. Again, this AV will be the difference 
between the velocity of the two orbits (transfer and final) at that point, and the total AV 
required for the mission is the sum of these two bums . 4 

Operationally, relatively small in-plane adjustments can change overhead passage time of 
LEO satellites by changing orbital period, can be used for collision avoidance, or can 
extend the on-orbit life of a LEO satellite whose orbit has slowly degraded due to 
atmospheric drag. Conversely, maneuvers can accelerate reentry by dropping the perigee 
of a satellite into a region where atmospheric drag increases, park an unused or nearly 
dead satellite into a safe orbit away from other operational systems, or initiate rendezvous 
with another spacecraft. 

On-orbit rendezvous or interception maneuvers fall into two general categories: co-planar 
and co-orbital. In the former, a Hohmann transfer approach combines with appropriate 
phasing in order to time the bums correctly. The initial phase angle between the 



interceptor and target as well as the different speeds of each spacecraft in its particular 
orbit determines timing of the maneuver (see figures 4-11 and 4-12). 

Figure 4-11. Coplanar Rendezvous 




Source: Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics. 
3 a ed. (New York: McGraw-Hill, 2005), figure 6-12. 

Figure 4-12. Co-orbital Rendezvous 




Source : Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 
3 a ed. (New York: McGraw-Hill, 2005), figure 6-14. 



Co-orbital rendezvous occurs when both the target and interceptor are in the same orbit, 
though at different positions (true anomaly). In this case, the interceptor must maneuver 
into a phasing orbit, "speeding up to slow down" (or the converse) in order to meet the 
target after completing one phasing orbit. In both cases (co-planar and co-orbital), the 
interceptor must bum again at rendezvous to maintain its position near the target and not 
remain in its intercept or phasing transfer orbit. 5 

Out-of-plane maneuvers, or plane changes, occur when the satellite's direction of motion 
changes— usually by a nontangential burn. Operationally, plane changes to adjust the 
inclination of an orbit (see figure 4-13) are most commonly used when satellites 
launched into parking orbits from nonequatorial launch sites maneuver into geostationary 
orbits (a = 42,160 km, i = 0°). The plane change itself often combines with the apogee 
bum that circularizes the satellite's orbit at that altitude. For satellites in high inclination 
orbits (such as polar or Sun-synchronous), plane changes executed over one of the poles 
change the right ascension of the ascending node for the orbit (see figure 4-14), thus 
altering the overhead passage time and sun angle for that satellite. Since the burn is 
performed perpendicular to the spacecraft's flight path, the magnitudes of the spacecraft's 
initial and final velocities are identical. 



Figure 4-13. Simple Inclination Plane Change 



V initial 




V final 



AV simple 




simple 



Source : Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 
3° ed. (New York: McGraw-Hill. 2005). figure 6-7. 



Figure 4-14. Simple Plane Change 
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Source: Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 
3 d ed. (New York: McGraw-Hill. 2005), figure 6-8. 



Orbit Perturbations 



If some of the original simplifying assumptions for orbits are changed to include a more 
complete view of the forces acting on a spacecraft, COEs other than just the true anomaly 
will begin to change over time. The primary perturbations to simplified, classical orbital 
motion are: 

• atmospheric drag 

• Earth's oblateness (or nonsphericity in general) 

• solar radiation pressure 

• third-body gravitational effects (Moon, Sun, planets, and so forth) 

• unexpected thrusting— caused by either outgassing or malfunctioning thrusters; 
can perturb orbits or cause spacecraft rotation. 

While the Earth's atmosphere gets thinner with altitude, it still has some effect as high as 
600 km. Because many important space missions occur in orbits below this altitude, this 
very thin air causes drag on these spacecraft, taking energy away from the orbit in the 
form of friction on the spacecraft. Because orbital energy is a function of semi-major 
axis, the semi-major axis will decrease over time. For noncircular orbits, the eccentricity 
also decreases since the drag at lower altitudes (near perigee) is higher than at apogee 
(see figure 4-15). 

Figure 4-15. Effects of Drag on Eccentric Low Earth Orbit 
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Source. Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 
3 a ed. (New York: McGraw-Hill, 2005), figure 8-7. 



Factors such as the Earth's day-night cycle, seasonal tilt, variable solar distance, and 
fluctuating magnetic field, as well as the Sun's 27 -day rotation and 11 -year cycle for 
sunspots, make precise real-time drag modeling nearly impossible. Further complicating 
the modeling problem is the fact that the force of drag also depends on the spacecraft's 
coefficient of drag and frontal area, which can vary widely depending upon spacecraft 
orientation. 

In addition, the Earth is not a perfect sphere, affecting the earlier point mass assumption. 
The most pronounced nonspheroidal characteristic is oblateness, meaning that the Earth 
bulges at the equator and is somewhat flattened at the poles, modeled using the constant 
J2. Unlike drag, which is a nonconservative force, the J2 effect is gravitational and does 
not change a spacecraft's total mechanical energy (that is, constant semi-major axis). 
Instead, J2 acts as a torque on the orbit since the Earth's gravitational pull is no longer 
directed from the Earth's exact center, causing the right ascension of the ascending node 
(RAAN, or n) to shift or precess with each orbit 6 and the perigee to rotate through an 
elliptical orbit. J2 effect is a function of orbit inclination and altitude as shown in figures 
4-16 and 4-17 describing its effect on RAAN and argument of perigee. 7 

Figure 4-16. Perigee Rotation Rate 
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Source. Jerry J. Sellers et al., Understanding Space: An Introduction to Astronautics, 
3 d ed. (New York: McGraw-Hill, 2005), figure 8-11. 



Figure 4-17. Nodal Regression Rate 
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Source: Jerry J. Sellers et a!., Understanding Space: An Introduction to Astronautics. 
3 a ed. (New York: McGraw-Hill, 2005), figure 8-10. 



Other, smaller perturbing forces also affect a spacecraft's orbit and its orientation within 
it, including solar radiation pressure, third-body gravitational effects (Moon, Sun, planets, 
and so forth), and unexpected thrusting— caused by either outgassing or malfunctioning 
thrusters. The importance of each perturbation is a function of the spacecraft's mission 
and need for orbital and attitude accuracy. 

Space Launch and Rocket Propulsion 

For most space missions, the spacecraft must be placed into a specific orbit, requiring a 
launch at a particular time and in a specific direction. A "launch window" is a period 
when a spacecraft can be launched directly into its initial orbit from a given launch site, 
and it corresponds to the time when the chosen orbit passes over the launch site. In 
practice, a launch window normally covers several minutes or even hours around this 
exact time since mission planners have some flexibility in the orbital elements they can 
accept, and launch vehicles usually can steer enough to expand the length of the window 
somewhat. However, to launch directly into an orbit, the launch site and orbital plane 
must intersect at least once per day. Physically, that means that the inclination of the 



desired orbit must be equal to or greater than the latitude of the launch site. If the two are 
equal, then there will be one launch opportunity per day. If the inclination is greater than 
the latitude, there will be two potential opportunities since, in this case, the spacecraft 
may be launched toward either the ascending or descending node (see figure 4-18). 
However, due to practical restrictions at a given launch site, only one of these 
opportunities may be used. For example, launches from Cape Canaveral are restricted to 
the east and northeast only due to overflight considerations. 

Figure 4-18. Launch Windows 
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Source : Jerry J- Sellers et al.. Understanding Space: An Introduction to Astronautics. 

3 1 ed- (New York: McGraw-Hill. 2005). figure 9-7. 



During liftoff, a launch vehicle goes through four distinct phases from the launch pad into 
orbit (see figure 4-19). During vertical ascent, the vehicle gains altitude quickly to escape 
the dense, high-drag lower atmosphere. The vehicle then executes a slow pitch maneuver 
to gain velocity downrange (horizontally), followed by a turn in which gravity pulls the 
launch vehicle's trajectory toward horizontal. In the final vacuum phase, the launch 
vehicle is effectively out of the Earth's atmosphere and continues accelerating to gain the 
necessary velocity to achieve orbit. The vehicle's on-board flight control system works to 
deliver the vehicle to the desired burnout conditions: velocity, altitude, and flight-path 
angle. The velocity needed to get to orbit consists of the launch vehicle's burnout velocity 
and the tangential velocity that exists at its launch site due to the Earth's rotation. 

Figure 4-19. Phases of Launch Vehicle Ascent 
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Source: Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 

3 d ed. (New York: McGraw-Hill, 2005), figure 9-14. 

The closer a launch site is to the equator, the greater the velocity assist provided to the 
launch vehicle from the Earth's rotation when launching eastward. 8 A given launch 
vehicle can launch a larger payload due east from a launch site at a lower latitude. For 
westerly launches into retrograde orbits, this same tangential velocity reduces launch 
capability. 

Determining the total velocity needed to launch a spacecraft is a very complex problem 
requiring numerical integration in sophisticated trajectory modeling programs that 
incorporate launch vehicle properties, atmospheric density models, and other factors. To 
determine the overall design velocity, the mission designer must consider velocity needed 
to overcome gravity and reach the correct altitude, inertial velocity needed at burnout for 
the desired orbit, velocity of the launch pad due to Earth's rotation, and velocity losses 
due to air drag, back pressure, and steering losses. The difference between the launch 
vehicle's actual design velocity for a specific payload mass and the design velocity is the 
launch margin. 

Rocket propulsion is responsible for not only launching spacecraft into orbit, but also 
maneuvering them once they are in space and adjusting their attitude to accomplish their 
mission as needed (see table 4-3). While there are many forms of rocket propulsion, they 
all depend upon Newton's laws to apply forces (thrust) or moments (torque). Rockets 
operate by expelling high-speed exhaust in one direction, causing the spacecraft to 
accelerate in another. The only types of rockets currently in use are thermodynamic and 
electrodynamic. Thermodynamic rockets rely on heat and pressure to accelerate a 



propellant (for example, the chemical reaction of fuel and oxidizer burning, or the heat 
generated by electrical heating or a nuclear reaction) using converging/diverging nozzles 
to convert the thermal energy to kinetic energy. Examples of thermodynamic rockets 
include chemical (liquid, solid, and hybrid); nuclear-thermal; solar-thermal; and electro- 
thermal. Electrodynamic rockets use electric and/or magnetic fields to accelerate charged 
particles to high velocities and include ion or electrostatic, Hall effect, and pulsed plasma 
thrusters. 



Table 4-3. Rocket Propulsion Types and Performance Comparison 
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Propellant 

Examples 


l„ (sec) 


Thrust 

Range 
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Thermodynamic 
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Liquid 












Bipropellant 


L(yiH ? 

LO /Kerosene 
Hydrazine/ 
Nitrogen 
Tetroxide 


334-455 


IQ-10 6 


• High 1^ 

• Throttleable 

• Restartable 


• Must manage 
two propellants 

• Requires thermal 
control for chamber 
and nozzle 


Mono- 

propellant 


Hydrazine 

Hydrogen 

Peroxide 


180-240 


10-1,000 


• Simple 

• Large flight heri- 
tage 

• One propellant to 
manage 


• Lower 1 than 

K> 

bipropellant 

• Toxic 


Solid 


Ammonium 
Perchlorate/ Alu- 
minum/Binder 


300 


1-10 6 


• Simple, reliable 

• No propellant 
management 
needed 

• Higher thrust 


• Modest 1 

• Susceptible to 
propellant grain 
cracks 

• Difficult to stop; 
can't restart 


Hybrid 


Hydrogen 

Peroxide/ 

Polyethylene 


333 


10-10 6 


• Simpler than bi- 
propellant 

• Safer, more flex- 
ible than solids; 
restartable 


• Limited heritage 

• Modest 1 


Nuclear-thermal 


H, 


1.000 


1-10 6 


• Long-term 
energy supply 

• Refuelable, 
reusable 

• High 1^, high 
thrust 


• No flight 
heritage 

• Environmental/ 
political concerns 


Electro-thermal 


Ammonia |NH 3 | 


800 


0.1-1 


• Simple, 
reliable 

• High 1^ 


• Requires large 
amounts of on- 
board electrical 
power 

• Low thrust 


Solar-thermal 


Ammonia 
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0.1-10 


• High 1^ 

• Long-term 
energy supply 


• Requires solar 
energy collection 

• Low thrust 


Electrostatic 













In all cases, the efficiency of a rocket is measured in terms of specific impulse (I sp ). 
Specific impulse gives us an effective "miles per gallon" rating as it relates the amount of 
thrust produced for a given weight flow rate of the propellant. Higher I sp rockets produce 
more total AV for the same amount of propellant than low Irockets. However, high 
Irockets (such as ion thrusters) are typically low thrust and not suited for some uses. The 
Rocket Equation 9 relates the initial and final masses of a spacecraft with the specific 
impulse of the propulsion system to determine the total AV available. It is the mission 
designer's job to determine a space mission's many propulsion needs and select the 
appropriate system for each phase. 

The total cost of a specific spacecraft's on-board propulsion system includes several 
factors, in addition to the bottom-line price tag, before making a final selection. 10 These 
factors include mass performance (measured by I ), volume required, time (how fast it 
completes the needed AV), power requirements, safety costs (how safe the system and its 
propellant are and how difficult it is to protect people working with the system), logistics 
(system and propellant transport to launch), integration cost with other spacecraft 
subsystems, and technical risk (what flight experience does it have or how did it perform 
in testing). Different mission planners naturally place a higher value on some of these 
factors than on others. A complex commercial mission may place high priority on 
reducing technical risk— for example, a new type of plasma rocket, even if it offers lower 
mass cost, may be too risky when all other factors are considered. 

A basic understanding of rocket propulsion informs mission planners and space experts 
who next consider one of the most obvious manifestations of spacepower— space launch 
systems. While more widely open international access to launch has provided some level 
of space presence and power to dozens of nations, a space launch capability defines a 
unique level of spacepower and is possessed by many fewer states. Requirements for an 
operational launch system are technical, geographic, and financial. Development of a new 
space launch system consumes hundreds of millions to many billions of dollars 11 and 
requires broad expertise in propulsion systems, avionics, logistics, manufacturing, and 
integration processes. Testing during system development also requires extensive 
infrastructure and range facilities (often consisting of thousands of square miles of 
controlled airspace) that can assure public safety, while operational launch facilities must 
also include payload processing and mission control centers. 

The physical, financial, and technical difficulties of launch are evident in the relatively 
small number of launch vehicles developed in the world's 50 years of space launch 
experience. Contrasted with the first 50 years of powered atmospheric flight, today's 
launch vehicles represent relatively small advances in capability from the Russian and 
American boosters of the late 1950s and early 1960s that trace their development to 
intercontinental ballistic missiles of the Cold War. All based on chemical (liquid and/or 
solid) propulsion, today's boosters can lift little more than 4 percent of their lift-off mass 
to LEO and much less than half that amount to geosynchronous transfer orbit from which 
a final apogee bum can place a spacecraft into a geostationary orbit. All vehicles use a 




minimum of two stages to achieve orbit (and some as many as four) with costs on the 
order of $10,000 per pound to LEO and $12,000 per pound to geostationary orbit. 



Several attempts to incrementally or drastically reduce launch costs and improve 
responsiveness have not significantly altered the status quo. The space shuttle, originally 
intended as a "space truck" to access space routinely and cheaply, suffered from its 
immense complexity, resulting in enormous per-launch cost growth. After completing its 
support of the International Space Station construction in 2010, it will be retired, largely 
due to safety and high cost of ownership. Small launch vehicles such as Orbital Sciences' 
Pegasus air-launched vehicle (~$22 million per launch for about 500 kilograms [kg] to 
LEO) have served niche markets without reducing overall costs, as have refurbished 
Russian and American intercontinental ballistic missiles (for example, Minotaur). 
SpaceX's Falcon 1 (with an advertised cost of roughly $6 million per launch as of this 
writing) and the larger follow-on Falcon 9 may achieve some cost savings, but nothing 
near the order of magnitude or greater savings that might transform space access to a 
more aviation-like paradigm. More exotic attempts to change the launch industry — such 
as the NASA-funded/Lockheed Martin-developed VentureStar single-stage-to-orbit, 
fully reusable launch vehicle— have not been successful beyond the PowerPoint slide. 12 In 
fact, current technology makes it very difficult to reduce space launch costs or turnaround 
time for launch vehicles or to build cost-effective reusable launch systems. With no new 
rocket propulsion technologies for space launch available in the foreseeable future, 
savings in launch costs and processing time will be incremental and depend on gains in 
reliability, manufacturing techniques, and miniaturization of payloads. 

Whatever the state of launch, mission planners and space experts considering launch 
systems must consider the following factors: 

• performance capability (whether the launch vehicle can take the desired mass to 
the mission orbit) 

• vehicle availability (whether the vehicle will be available and ready to launch 
when needed) 

• spacecraft compatibility (whether the payload will fit in the launch vehicle fairing 
and survive the launch environment imposed by the launch vehicle) cost. 

Space Environment 

Once in space, the unique environment presents several challenges to mission 
accomplishment, affecting not only spacecraft but also the signals received and 
transmitted in the course of that mission. The primary space environmental challenges 
are: 



• free-fall gravitational conditions 

• atmospheric effects 

• vacuum 

• collision hazards 

• radiation and charged particles. 




The free-fall environment gives rise to problems with fluid manage-ment— measuring 
and pumping— typically related to on-board liquid propulsion systems. For manned 
spaceflight, the physiological issues can be quite severe, marked by fluid shift within the 
body (lower body edema), altered vestibular function (motion sickness), and reduced load 
on weight-bearing tissues resulting in bone decalcification and muscle tissue loss. 

In addition to the effect of drag on spacecraft (mentioned earlier as a perturbation), the 
upper reaches of the atmosphere contain atomic oxygen caused when radiation splits 
molecular oxygen (0 2 ). Much more reactive than 0 2 , atomic oxygen can cause significant 
degradation of spacecraft materials, weakening components, changing thermal 
characteristics, and degrading sensor performance. 

The vacuum of space creates three potential problems for spacecraft: outgassing, cold 
welding, and heat transfer. Outgassing occurs when materials, such as plastics or 
composites, release trapped gasses (volatiles) upon exposure to vacuum— particularly 
problematic if the released molecules coat delicate sensors, such as lenses, or cause 
electronic components to arc, damaging them. Prior to launch, spacecraft are usually 
tested in a thermal- vacuum chamber to reduce or eliminate potential outgassing sources. 
Cold welding occurs between mechanical parts having very little separation between 
them. After launch, with the small cushion of air molecules between components 
eliminated, parts may effectively "weld" together. The potential for cold welding can be 
mitigated by avoiding the use of moving parts or by using lubricants carefully selected to 
avoid evaporation or outgassing. Heat transfer via conduction, convection, and especially 
radiation may also complicate spacecraft operation— for example, causing temperatures 
to drop below acceptable operating levels — and must be considered in any spacecraft 
design. 

The chances that a spacecraft will be hit by very small pieces of debris (natural or 
manmade) grow with each new space mission. Twenty thousand tons of natural 
materials— dust, meteoroids, asteroids, and comets— hit Earth every year, and estimates 
of the amount of manmade space debris approach 2,200 tons. 13 Air Force Space 
Command, headquartered in Colorado Springs, Colorado, uses a worldwide network of 
radar and optical telescopes to track more than 13,000 baseball-sized and larger objects in 
Earth orbit, and some estimate that at least 40,000 golf ball-sized pieces (too small for 
the Air Force to track) are also in orbit, 14 not including smaller pieces such as paint flakes 
and slivers of metal. 

The energy of (and thus potential damage caused by) even a very small piece of debris 
hitting a spacecraft at relative speeds of up to 15 km per second makes the debris 
environment in Earth orbit a serious issue. 15 For a spacecraft with a cross-sectional area of 
50 to 200 square meters at an altitude of 300 km (typical for space shuttle missions), the 
chance of getting hit by an object larger than a baseball during a year in orbit is about 1 in 
100,000 or less. 16 The chance of getting hit by something only 1 millimeter or less in 
diameter, however, is about 100 times more likely, or about 1 in 1 ,000 during a year in 
orbit. The collision between two medium-sized spacecraft would result in an enormous 
amount of high-velocity debris, and the resulting cloud would expand as it orbited, 




greatly increasing the likelihood of impacting another spacecraft. The domino effect 
could ruin an important orbital band for decades. 

Electromagnetic (EM) radiation from the Sun, while primarily in the visible and near- 
infrared parts of the EM spectrum, also contains significant higher energy radiation, such 
as X-rays and gamma rays. While solar cells generate needed electrical power from this 
radiation, spacecraft and astronauts well above the atmosphere face negative 
consequences from it depending on the wavelength of the radiation. The Sun's radiation 
heats exposed surfaces, which can degrade or damage surfaces and electronic 
components, and the resulting solar pressure can perturb orbits. Prolonged exposure to 
ultraviolet radiation degrades spacecraft coatings and is especially harmful to solar cells, 
reducing their efficiency and possibly limiting the useful life of the spacecraft they 
power. In addition, during intense solar flares, bursts of energy in the radio region of the 
spectrum can interfere with onboard communications equipment. Solar radiation 
pressure, though only 5 Newtons of force for 1 square kilometer of surface, can also 
disturb spacecraft orientation. 

Perhaps the most dangerous aspect of the space environment is the pervasive influence of 
charged particles caused by solar activity and galactic cosmic rays. The Sun expels a 
stream of charged particles (protons and electrons) at a rate of 10 9 kg per second as part of 
the solar wind. During intense solar flares, the number of particles ejected can increase 
dramatically. Galactic cosmic rays are similar to those found in the solar wind or in solar 
flares, but they originate outside of the solar system— the solar wind from distant stars 
and remnants of exploded stars— and are much more energetic than solar radiation. 

The solar wind's charged particles and cosmic particles form streams that hit the Earth's 
magnetic field. The point of contact between the solar wind and the magnetic field is the 
shock front or bow shock. Inside the shock front, the point of contact between the 
charged particles of the solar wind and the magnetic field lines is the magnetopause, and 
the area directly behind the Earth is the magnetotail (see figure 4-20). In the 
electromagnetic spectrum, many lower energy solar particles are deflected by the Earth's 
magnetic field, while some high-energy particles may become trapped and concentrated 
between field lines, forming the Van Allen radiation belts. Additionally, high-energy 
gamma and X-rays may ionize particles in the upper atmosphere that also populate the 
Van Allen belts. 



Figure 4-20. Interaction between Solar Wind and Earth's Magnetic Field 





Source: Jerry J. Sellers et al.. Understanding Space: An Introduction to Astronautics, 
3° ed. (New York: McGraw-Hill. 2005), figure 3-29. 



Whether charged particles come directly from the solar wind, indirectly from the Van 
Allen belts, or from the other side of the galaxy, they can harm spacecraft in four ways: 
charging, sputtering, single-event phenomenon, and total dose effects. Spacecraft 
charging results when charges build up on different parts of a spacecraft as it moves 
through concentrated areas of charged particles. Discharge can seriously damage surface 
coatings, degrade solar panels, cause loss of power, and switch off or permanently 
damage electronics. Sputtering damages thermal coatings and sensors simply by high- 
speed impact, in effect sandblasting the spacecraft. Single charged particles penetrating 
deeply into spacecraft electronics systems may cause a single event phenomenon. For 
example, a single event upset (SEU) or "bit flip" results when a high-energy particle 
impact resets one part of a computer's memory from 1 to 0, or vice versa, causing 
potentially significant changes to spacecraft functions. Total dose effects are long-term 
damage to the crystal structure of semiconductors within a spacecraft's computer caused 
by electrons and protons in the solar wind and the Van Allen belts. Over time, the 
cumulative damage lowers the efficiency of the material, causing computer problems. 
Orbits that pass through an area of higher radiation levels known as the South Atlantic 
anomaly increase the total dose damage during a spacecraft's lifetime. Spacecraft 
shielding and the use of hardened components offer some protection for these effects, as 
does software coding to negate the SEU effects by storing each bit multiple times and 
comparing them during each read operation. But all of these steps come at a cost of 
increased weight, testing requirements, and development time and cost. 

Spacecraft State of the Art 

A spacecraft consists of a payload and its supporting subsystems, also known as the bus. 
Overall payload requirements are defined in terms of the subject with which it must 




interact, and its components are designed to make this interaction possible. Using a 
remote sensing example, the payload could consist of a single simple camera to detect 
light from some ground-based phenomenon or could include a collection of sensors, each 
tuned to detect a particular characteristic (such as wavelength) of that light. The number 
and type of sensors chosen, and how they work together to form the spacecraft's payload, 
determine the spacecraft's design, which in turn generates requirements for the spacecraft 
bus that dictate: 

• payload accommodation mass, volume, and interfaces 

• spacecraft pointing precision 

• data processing and transmission needs 

• electrical power needs 

• acceptable operating temperature ranges. 

Spacecraft Subsystems 

Mission designers define these requirements in terms of subsystem performance budgets 
such as the amount of velocity change, electrical power, or other limited resource that it 
must "spend" to accomplish some activity (for example, achieving operational orbit or 
turning on the payload). Six distinct spacecraft bus subsystems support the payload with 
all the necessary functions to keep it healthy and safe: 

• space vehicle control: "steers" the vehicle to control its attitude and orbit, 
attaining and maintaining its operational orbit as well as pointing cameras and 
antennas toward targets on Earth or in space; on-board rockets control the orbit, 
while rockets and other devices rotate it around its center of mass to provide 
stability and precise pointing 

• communication and data handling: monitors payload activities and environmental 
conditions, tracks and controls spacecraft location and attitude, communicates 
with ground controllers or other spacecraft, and warns of anomalies; 
communication requirements analysis produces a link budget that specifies 
communications parameters and the data rate 

• electrical power: converts and conditions energy sources (such as solar) into 
usable electrical power and also stores energy to run the entire spacecraft; 
electrical power requirements for each of the other bus subsystems determine the 
total electrical power budget 

• environmental control (and life support for manned missions): regulates 
component temperatures for proper operation, transferring or eliminating heat 
energy as needed; for manned missions, astronauts must be protected from the 
harsh space environment; provides a breathable atmosphere at a comfortable 
temperature, humidity, and pressure, along with water and food to sustain life 

• structure and mechanisms: protect the payload and subsystems from high launch 
loads; deploy and maintain orientation of spacecraft components (such as solar 
panels and antennas) 

• propulsion: produces thrust to maneuver the spacecraft between orbits and control 
its altitude; highly dependent on altitude and orbital control needs. 




Remote Sensing and Communications Physics 

The most common general categories of spacecraft payloads perform remote sensing and 
communications missions and, as such, represent the variety of technical and operational 
trades and constraints typically found in space mission design. Remote sensing systems 
collect EM radiation reflected or emitted from objects on the Earth's surface, in the 
atmosphere, or in space— including space-based astronomy and space surveillance. Radio 
waves (also EM) are used to communicate to and from the Earth's surface, through the 
atmosphere, and between objects in space. For missions involving Earth sensing or 
communications, then, the transmission characteristics of the Earth's atmosphere— which 
frequencies are blocked, attenuated, or pass freely— drive payload performance and 
design decisions. Figures 4-21 and 4-22 describe the electromagnetic spectrum (in terms 
of EM wavelength and frequency) and the transmission of that spectrum through the 
atmosphere. 



Figure 4-21. Electromagnetic Spectrum 
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Source. Jerry J. Sellers et at. Understanding Space: An Introduction to Astronautics. 
3 d ed. (New York: McGraw-Hill, 2005), figure 11-29. 



Figure 4-22. Atmospheric Windows 
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Source: Jerry J. Sellers et at, Understanding Space: An Introduction to Astronautics. 
3 a ed. (New York: McGraw-Hill, 2005), figure 11-32. 



While some wavelengths (such as visible light) are completely transmitted, others are 
almost completely blocked. Spacecraft instruments have access to Earth from space 
through various atmospheric windows— wavelength bands in which 80 to 100 percent of 




the available energy is transmitted through the atmosphere. The most notable atmospheric 
windows are the visible, infrared, and radio wavelengths. 

Passive remote sensing systems depend on reflected or emitted EM radiation passing 
through the atmosphere to the space-based sensor. Because objects reflect different 
wavelengths of EM radiation, measuring the amount and type of radiation can describe 
characteristics such as soil properties, moisture content, vegetation types, and many other 
important details. Objects also emit EM radiation at different wavelengths depending on 
their material properties and temperature. The relationship between temperature and 
wavelength of peak emission is well known, 17 and coupled with knowledge of the total 
energy output from the target object, 18 payload sensors can be designed to sense particular 
phenomena. 

Given the physics of EM radiation, a workable sensor can then be designed. To observe 
an object, however, the spacecraft sensor must be able to point the sensor at the target, 
collect EM radiation from the target, transform the detected radiation into usable data, 
and process the usable data into usable information. First, the object must fall within the 
sensor's field of view— defined as the angular width within which the sensor can see. 
Projected onto the Earth's surface, the field of view translates into the swath width, the 
size of which is determined by the sensor's field of view and the spacecraft's altitude (as 
shown in figure 4-4). Next, the resolution of the sensor— the size of the smallest object it 
can detect— is a function of the wavelength of the radiation sensed, the sensor's aperture 
diameter, and the distance between the sensor and the target. 19 

Active remote sensors such as radar transmit their own radiation that reflects from the 
target and returns to the sensor for processing. Space-based radar, for example, permits 
accurate terrain measurement of features to construct a three-dimensional picture of a 
planet's surface. Because resolution relates directly to the wavelength of the transmitted 
and reflected signal, shorter wavelengths yield better resolution than longer wavelengths. 
Optical sensors measure EM wavelengths on the order of 0.5 micrometers (mm), while 
radar systems operate at about 240,000 mm. Thus, for optical and radar systems with the 
same size aperture, the optical system has almost 500,000 times better resolution. For 
conventional radar to have the same resolution as an optical system, the size of the radar's 
aperture must be increased. 20 

Space communications systems serve as the backbone for all other space missions in 
addition to being a mission in their own right. The primary goal, of course, is to get data 
to the users, whether that means relaying remote sensing data obtained from space 
sensors to ground systems and users, sending and receiving command and control data 
between spacecraft and ground control centers, or acting as a relay to receive and then 
transmit data from one point on the globe (or in space) to another. Communications 
payloads use a transmitted EM signal to carry data to a receiver. The communications 
link— what happens between the transmitter and the receiver— is the critical feature of 
any communications systems and is characterized by several critical parameters: 



signal-to-noise ratio 




• bit error rate (signal quality) 

• coverage 

• data rate 

• signal security. 

The signal-to-noise ratio (SNR) is a function of transmitter power and gain, receiver 
bandwidth, temperature and gain, signal wavelength, and range between transmitter and 
receiver. For effective communication, SNR must be greater than or equal to one. 21 The 
bit error rate (BER) defines the likelihood of misinterpreting bits in a data stream, 
typically expressed in terms of single bit errors per power of 10 bits. 22 Increasing signal 
strength improves BER and can be accomplished by increasing transmitter power and 
antenna size, increasing receiver antenna size, improving receiver characteristics, using 
higher frequencies, or reducing the distance between the transmitter and the receiver. All 
of these factors impact the overall cost of the system. The system designer must 
investigate all available alternatives to obtain the desired signal-to-noise ratio at 
minimum system cost. 

Coverage directly affects communications availability and is a function of satellite 
altitude and orbit, elevation angle of communicating satellites, satellite constellation 
configuration (number of satellites, orbital planes used, and so forth), ground station 
(receiver) location, and cross-linking capability. The simplest satellite communications 
architecture uses a "store-and-forward" approach (figure 4-23, case A) whereby it 
transmits or receives data only passing overhead of a single ground station. Between 
passes, it stores any collected data to be transmitted at the next pass. Adding well-placed 
ground stations improves coverage, as does adding satellites with a cross-link capability 
that would forward data to one or more ground stations, effectively increasing the 
frequency of overhead passes (figure 4-23, case D). Geostationary architectures employ 
three or more satellites along with terrestrial ground sites and cross-linking for global 
coverage (except for high latitudes) (figure 4-23, case B), while Molniya orbits with two 
or more satellites can provide stable, continuous coverage of polar regions (figure 4-23, 
case C). At low altitudes, larger numbers of cross-linked satellites in a properly arranged 
constellation can provide continuous coverage of the Earth (figure 4-23, case E), with the 
most well-known example being the Iridium satellite telephone system. 



Figure 4-23. Satellite Coverage Strategies 
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Source: James R. Wertz and Wiley J. Larson, eds., Space Mission Analysis and Design, 

3 a ed. (Dordrecht, Netherlands: Kluwer Academic Publishers, 1999). 

Data rate is the number of bits per second of information that must be transferred over the 
communications link and is a function of the signal frequency— higher frequency signals 
can better support higher data rates. Enhanced capabilities to support global operations 
such as unmanned aircraft systems, video teleconferencing, or simply providing Super 
Bowl broadcasts to deployed troops create greater demand for higher and higher data 
rates. Signal security and availability include communications security— disguising the 
actual transmitted data and typically including data encryption— and transmission 
security— disguising the transmitted signal, usually by generating security keys and 
variables that support spread spectrum techniques. Availability, on the other hand, 
depends upon the environment's effect on the transmission channel. Communications 
links are typically designed to create an SNR that produces the required BER for the 
anticipated environment (no hostile effects on the transmission channel). Link margin is 
then added to compensate for other expected (and unexpected) operating conditions. 
Signal jamming is an intentional means of corrupting the otherwise benign environment 
by introducing noise into the communications path, resulting in an SNR of less than one. 
Of course, simple interference from other systems operating at the same frequency may 
have a similar, less sinister effect on communications, making frequency deconfliction an 
important factor in insuring effective communications. 

All of these factors will impact the overall cost of the system. The system designer must 
investigate all available alternatives to obtain the desired signal-to-noise ratio at 
minimum system cost. Current trends in space communications focus on using more 
power, higher frequencies, and phased-array antennas to point the beam more precisely to 
make the signals less susceptible to jamming and interference and to increase data rates. 



Conclusion 



Space offers society advantages that have revolutionized modern life since the launch of 
Sputnik 50 years ago and has motivated scientific investigation and dreams of adventure 
for millennia. The global perspective has allowed worldwide communications and remote 
sensing (in many forms) and transformed navigation and timing for civil, military, and 
industrial uses. The challenge of space as a final frontier has lured huge investments by 
nations seeking to increase their international stature while improving their ability to 
provide services to their citizens, motivating the technical progress and patriotism of 
those same citizens, enlarging their international economic influence, and, in many cases, 
increasing their military power. The clear view space provides causes astronomers and 
other scientists to dream of future discoveries about the fundamental nature of life and 
our universe, while the unlimited and largely untapped wealth of space tantalizes citizens 
of the Earth, who are increasingly aware of finite terrestrial resources. 

Realizing these advantages and leveraging the power conferred on those who best exploit 
them, however, require an appreciation of the physics, engineering, and operational 
knowledge unique to space, space systems, and missions. It is precisely because so few 
citizens of Earth have first-hand experience with space— unlike previous terrestrial, 
maritime, and aeronautical "frontiers"— that we must stress some technical understanding 
of these characteristics of space. This chapter may serve as a summary or review of some 
of the key concepts necessary for a firm understanding of the realm of space. Further in- 
depth study, beginning with the references cited within, is de rigueur for anyone 
interested in a better understanding of space policy and power and is especially important 
for space decisionmakers. Making policy and power decisions without this understanding 
would be akin to formulating a maritime strategy using a team of "experts" who had 
never seen the ocean or experienced tides, had no concept of buoyancy, or seen sail or 
shore. 



Notes 

1 . For in-depth development of the concepts introduced in this chapter, refer to Jerry J. Sellers et al., 
Understanding Space: An Introduction to Astronautics, 3 d ed. (New York: McGraw-Hill, 2005), 
from which much of this material has been excerpted or summarized. The classic text in this field 
is Roger R. Bate, Donald D. Mueller, and Jerry E. White, Fundamentals of Astro dynamics (New 
York: Dover Publications, 1971). Another excellent reference geared toward those not technically 
trained is David Wright et al.. The Physics of Space Security: A Reference Manual (Cambridge: 
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5. The same process can be used to disperse several satellites placed into an initial, identical orbit by 
a single launch vehicle— the effective reverse of a rendezvous maneuver. The satellites each 
perform well-timed "speed up and slow down" maneuvers to establish a constellation of equally 
spaced satellites (in time and angle) that might provide near-continuous coverage over the Earth. 
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Earth around the Sun (about 1° per day), keeping the spacecraft's orbital plane in the same 
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latitude that could not practically use geostationary orbits. 

8. For example, the European Space Agency's launch site at Kourou (4°N latitude) gives launch 
vehicles an assist of 0.464 km/sec versus 0.4087 km/sec for the Kennedy Space Center at 28.5° 
latitude . 

9. AV = I sp g„/« mi/mf where g 0 is the gravitational acceleration constant (9.81 m/sec 2 ); m, is the initial 
mass of the spacecraft (fully fueled); and m f is the final mass (fuel empty). 

10. Jerry J. Sellers et al., "Investigation into Cost-Effective Propulsion System Options for Small 
Satellites," Journal of Reducing Space Mission Cost 1, no. 1 (1998). 

11. Recent bounding examples in the United States are Space Exploration (SpaceX) Incorporated's 
Falcon I vehicle (~1 ,000 pounds to low Earth orbit) on the low end and the two families of 
Evolved Expendable Launch Vehicles (EELV), Lockheed-Martin's Atlas V and Boeing's Delta IV. 
While exact figures on these are not available, low estimates for Falcon I are probably $100 
million, while EELV developmental funding was several billion dollars. 

12. The VentureStar program was canceled in March 2001 after NASA canceled the suborbital X-33 
technology demonstrator meant to reduce risk for full VentureStar development. NASA 
expenditures for X-33 totaled $912 million. 

13. Sellers, Understanding Space, 84. 

14. James R. Wertz and Wiley J. Larson, eds.. Space Mission Analysis and Design, 3 d ed. (Dordrecht, 
Netherlands: Kluwer Academic Publishers, 1999). 

15. The French Cerise spacecraft became the first certified victim of space junk when its 6-meter 
gravity-gradient boom was clipped during a collision with a leftover piece of an Ariane launch 
vehicle in 1996. 

16. Wertz and Larson, 1999. 

17. Given by Wien's Displacement Law, km=2898/T, where X m is the wavelength of maximum output 
in micrometers (mm) and T is the object's temperature in degrees Kelvin. 

18. Given by the Stefan-Boltzmann equation, q A = eoT 4 , where q A is the object's power per unit area 
(W/m 2 ), e is the object's emissivity (0<£<1), s is the Stefan-Boltzmann constant (5.67 x 1(T 8 
W/m 2 K 4 ), and T is the object's temperature in degrees Kelvin. 

19. Resolution = 2.44kh/D where X is the wavelength of the sensed radiation, h is the distance between 
the sensor and the target, and D is the instrument's aperture diameter. 

20. A conventional radar operating at a wavelength of 240,000 mm would need an aperture of more 
than 480 km (298 miles) to get the same resolution as an optical system with a mere 1-meter 
aperture! Fortunately, signal-processing techniques that enable synthetic aperture radar— 
effectively enlarging the radar aperture— can achieve much higher effective apertures and thus 
higher resolutions. 




21. 5'A^=(P t G t /kB)/(Ay4jtR)/(G r /T) where P is transmitter power, G, is transmitter gain, k is 
Boltzmann's constant, B is the receiver system's bandwidth, X is the signal wavelength, R is the 
range to receiver, G r is the receiver gain, and T is the receiver system's temperature. 

22. For example, a bit error rate of 10-3 implies an error rate of 1 bit out of every 1,000 bits; typical 
bit error rates are ~10-5 for voice and ~10-14 for data. 
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It is increasingly apparent that commercial opportunities for using space to make money 
by selling goods and services to governments and private customers are growing. Over 
the past 50 years, the United States has been the technological and commercial world 
leader in space. U.S. space policies, as reflected particularly in Presidential Directives but 
also in legislation and in regulations, reflect this leadership role. From the very first space 
policies in the Dwight D. Eisenhower administration to the present, policy documents 
assume that the United States is the world leader, attempt to ensure that role continues, 
and reserve the right to use the necessary means to protect space assets. 

Until the 1980s, private companies in the United States were contractors and suppliers to 
the government space program and projects. They did not offer space services to the 
public. The one exception to this was in the important area of telecommunications. From 
the very beginning of the space age, U.S. private companies (in particular, AT&T) 
designed, built, and operated communications satellites and sold services to the public 
under strict government regulations and supervision. 

Today, the landscape has changed. Companies in the United States are in direct 
competition with many foreign entities in space in almost all areas: launch vehicles, 
remote sensing satellites, telecommunications satellites of all kinds (voice, direct TV, 
fixed and mobile services), and navigation services. The technological capability to build 
and operate sophisticated space equipment has spread worldwide. 

All evidence points to a continuation of this trend. Space has become a global enterprise 
with the number of nations and firms with space goods and services growing rapidly. 

And not only are more people involved in space but also the unique advantages of the 
space environment have contributed greatly to the growing trend toward globalization 
through its almost universal coverage of populated areas with communications and 
observation products and services. 

In turn, an increase in globalization can stimulate the further growth of commercial space 
by making even larger markets with corresponding sales potentially available to 
companies . Globalization must be viewed as a summation of various components 
(political, business, and cultural). Space capabilities and technologies contribute 
differently to each component, and the extent of meaningful globalization must be 
analyzed by its components, not in the aggregate. This chapter will discuss the long-run 
trend toward globalization and how the growth of multinational companies and the global 
marketplace has influenced commercial space and spacepower. 




Although no other nation spends as much on space as the United States, the ability of the 
U.S. Government to influence the rest of the world in space policy and in the use of space 
has greatly diminished over time. In some ways, space has become just another 
commodity. But government policy and security aspects of space do not treat commercial 
space as they treat automobiles, soap, or furniture. Because of the strategic value of space 
as well as the huge dependence of almost every industry on the space infrastructure, 
space commands special importance and has become a critical national resource. 

This chapter will also review the process by which the U.S. Government has developed 
official policies toward space that have fueled the technological lead and put the United 
States at the forefront of space activity, while at the same time transferring some of the 
responsibility of this lead from purely government programs to the domestic commercial 
sector. However, other policies of the U.S. Government have had the opposite effect, 
encouraging foreign nations to develop similar and competitive space capabilities. 

Questions without clear answers are the degree to which U.S. policy has sped up foreign 
space capabilities and what the effect has been on spacepower. Of course, not all foreign 
space programs can be attributed to U.S. policy actions. Because of the obvious 
advantage of using space for global monitoring, communications, and other activities, 
other nations naturally have had the desire and have developed independent space assets 
and capabilities. 

Spacepower 

Spacepower can be viewed from a commercial perspective in two ways . The first is 
economic: encouragement of commercial U.S. space ventures to be dominant in the 
world marketplace, either through creation of a monopoly or by sheer market dominance. 
The latter often makes competitors follow the leader's standards and practices, which in 
turn practically assures that others will adopt systems compatible with those of the 
market leader . 1 The second is by a show of strength: aggressively denying others access 
or interfering with the operations of foreign space assets. 

This chapter will focus on policies of commercial market dominance. Therefore, 
spacepower will be discussed without the notion of military control or aggressive action 
to protect space assets or deny others the ability to operate in space. A truly competitive 
commercial world assumes that companies can operate on a level playing field and that 
the deciding factor is the ability to make a profit rather than the ability to take out a 
potential competitor by military action . 2 

Looking to the future growth of commercial space companies and the multinational 
aspects of commercial space raises an interesting question regarding spacepower. 
Specifically, will it be possible for commercial interests to supersede other national 
interests in space? The short answer is no. Besides the clear dual use of all space 
products, space law, as defined by current United Nations treaties on outer space, makes 
nations responsible for the actions of their citizens in outer space. To get to space and to 
do anything there, a company will need the formal approval of a parent nation. Since 




each nation may be both jointly and separately liable for certain types of damage from 
space objects, it will be difficult, if not impossible, for a company to operate in space 
without supervision. Therefore, unless the major legal tenets of space activity change, 
commercial interests will be subservient to national interests in space and will face major 
regulatory controls. 3 

Globalization and the Changing International Economic Environment 

Globalization is the process of human interaction characterized by the ease of 
transcending national borders for variously defined ends /There are many different 
aspects of globalization occurring at any given point in time. It is important to distinguish 
between geopolitical globalization, multinational economic globalization, and 
cultural/information networks that have become global. 

Figure 5-1. Degrees of Globalization 




Figure 5-1 illustrates the range of possible degrees of globalization. As one moves to the 
left of the diagram, the degree of interaction among nations increases. At the other 
extreme, nations may choose to isolate themselves and raise barriers to global 
interactions. The concept of regionalization is intended to meet a middle ground where 
select groups of nations agree to form alliances. Since the overall concept of globalization 
is the combination of the different elements suggested above, it is instructive to look at 
the relative position on the continuum for each major element. In general, economic and 
cultural globalization today has moved toward the left of center, while geopolitical 
globalization is somewhere to the right of that. 

Some of the most visible trends in today's world are the growth of multinational firms, 
the ease of financial transactions internationally, and the spread of ideas, culture, and 
entertainment through the advances in communication technologies. The availability and 
advantages of satellite communications have greatly contributed to these trends through 
both global coverage and the opening of the global communications services and markets 
to all nations. 

Globalization is not a new phenomenon, nor is it inevitable. 5 Decreases in barriers to 
trade— most recently through the North American Free Trade Agreement and the World 
Trade Organization, but through other bilateral agreements in the past as well— and better 
coordination among nations characterized the decade of the 1990s. Similar eras of 
increased interaction among people have existed before the most recent times but have 
then been followed by wars, economic depressions, or other occurrences, which slowed 
or stopped the trend toward globalization. Even in the first few years of the 2 1 st century, 



the changed policies and attitudes toward international travel and security because of the 
events of September 1 1 have, at least temporarily, slowed the rapid globalization pace 
established in the 1990s. 6 

Other influences may also slow economic globalization. As described by Rawi Abdelal 
and Adam Segal, the speed of globalization may become less rapid in the upcoming years 
for the following reasons: politicians are more nervous about letting capital goods and 
people move more freely across borders, energy is the object of intense resource 
nationalism, and bilateral agreements appear to be replacing multilateral agreements 
(particularly with the United States skeptical of "global rulemaking"). 7 

As impressive as the economic and cultural spread of ideas and interactions has been 
during the past several decades, it has been balanced by the decided lack of geopolitical 
globalization. With the important exception of the European Union (a limited form of 
primarily economic globalization on a regional basis), nations have not changed their 
approach to territorial rights. 8 These rights are jealously guarded and are strong limits to 
true international geopolitical globalization. 

Although there has been a trend toward multinational firms and a global economic 
regime, history has shown that there is no assurance that this trend will continue on a 
smooth path. Current economic globalization is dependent on nations moving toward a 
free market-based economy that also implies some form of democratic government. 
Economic globalization also depends on the establishment of a relatively uniform 
regulatory system that is predictable, fair, and enforceable. 

Space is a global industry. Within limits established by the political system, companies 
compete for launch services internationally. Satellite manufacturing, once heavily 
dependent on U.S. companies, is now an industry with companies located around the 
world. Space services are also available internationally. However, because of the dual-use 
nature of many space activities, there are regulatory and legal limits on the degree of 
international trade that can occur in this industry. 

There are many good economic reasons that explain why commercial space needs to be 
global in nature to survive in a competitive world. Primarily, it is the satellite capability 
to connect to ground stations anywhere in the world and to transmit data and information 
globally (or, if not to all nations, to a vast majority of the world's populated areas). To 
make a profit on an investment that has high technological risk and very high up-front 
demands, a large market is essential. The additional cost of adding a new ground station 
is small in comparison to the cost of the space system. Since satellites can have global 
coverage, having a global market becomes an attractive profit potential. It can be easily 
argued that many space services are "natural monopolies." That is, one large provider can 
have the ability to serve all customers much more inexpensively than can multiple 
providers. 9 



However, in economic government regulatory policy, a monopoly of any sort is counter 
to a free market competitive philosophy. It should be noted, though, that early U.S. policy 




encouraged a U.S. monopoly in international telecommunications, not for reasons of 
economic efficiency, but for U.S. control and security (see the discussion below on U.S. 
telecommunications policy). 

Globalization can have both positive and negative effects on the growth of the space 
sector and on the development of specific space applications. On the positive side, 
privatization of space assets would be possible if markets were large enough to be 
profitable for some space activities. If this were to occur, governments would have to be 
willing to relinquish some control of space activities. Applications that involve very large 
international markets — such as launch services, remote sensing, distance learning, and 
telemedicine— would benefit. 

Globalization also would mean rising per capita income among most nations (although at 
different rates of growth), which would create the potential for more markets for space 
(and other) goods and services. New and larger markets might open opportunities for the 
expansion of currently profitable consumer space-related services such as global 
positioning system (GPS) navigation equipment and telecommunications (information- 
based) services, and perhaps the use of space for entertainment services (such as real-time 
distribution of movies and new music delivery services). 

On the negative side, globalization and economic growth are likely to stimulate a 
backlash among some in society who will push for a "simpler" life and are against using 
new technology. A cultural backlash can also be expected that, coupled with the spread of 
highly advanced communications and space technology, is likely to encourage 
countermeasures by advocates wanting to block or reduce the influence of alien cultures. 

Security and defense issues will be of major governmental concern. Space applications 
will be used to monitor and control these activities, and this should be a growth sector for 
government programs using new satellites. However, this can easily lead to a decline in 
market-based commercial space applications as government demands and regulations 
supplant the development of private market opportunities. 

In the financial community, commercial space activities would have to be shown to have 
a greater opportunity cost and return on investment (ROI) than other high-technology and 
high-risk investments. As with other "negative" aspects of globalization, the availability 
of sufficient private capital for space investments will depend more on opportunity costs 
and the expected ROI of specific projects than it will on globalization. When dual-use 
technologies are involved, a lack of private capital will necessitate government subsidies. 

Regionalization 

The effects of regionalization are likely to be similar to those of globalization on space, 
although at somewhat lower levels of activity due to: 

• less harmonization among nations in areas of regulation 

• possibility of more regional conflicts 




• lower per capita income growth 

• less convergence of growth rates in general. 

Nevertheless, satellite capabilities will be used for additional security concerns and for 
global monitoring. There is likely to be less private sector investment in space under this 
scenario than under the globalization scenario. However, regional markets may be large 
enough to support sizable space investments by the private sector. Other than the 
European Union, regional cooperation in space has not been a market or security issue to 
date. 

Crisis/Independence 

If nations increasingly choose to develop independent space systems, defense and other 
government uses of space will become more important with governments discouraging 
private investment in space because of the potential dangers of dual-use technologies in 
the hands of companies and other nations. Since each nation will attempt to develop its 
own space systems, the duplication and oversupply of both hardware and space products 
will act to discourage commercial space investments. Technological progress in areas 
such as space science and exploration would be hurt greatly by the divergence of funds to 
more immediate problems. 

Finally, private investment in space will be even more challenged, but governments may 
opt to purchase space services directly from domestic commercial private firms. These 
firms may be precluded by regulation or contract from offering services to customers in 
the general marketplace. 

Globalization and Spacepower 

Globalization is not an inevitable outcome of current and past trends, but some very 
important aspects of globalization are on a steadily expanding path that is unlikely to be 
deterred. They include multinational business and financial connections and networks as 
well as cross-border information, cultural, and entertainment products and services. 

Space assets provide a key enabling infrastructure component of both of these 
developments. 

The commercial space activities that are profitable today are those that serve these sectors 
by providing rapid worldwide communications. Whether it is navigation and timing 
services of the GPS satellites, or direct TV broadcasts, or very small aperture terminal 
links of the credit card companies, or electronic financial trading, the global economic 
system is now linked via satellites and space capabilities. If it were not for the existence 
of a large and well-funded global market for these services, the satellite systems serving 
them would likely not be profitable. What has developed over time is a circular 
dependence: technologies create new economic opportunities, and large markets create 
profitable infrastructure investments with subsequent multiplicative terrestrial businesses. 




However, this evolution of satellite services (from the early space years when 
governments provided and controlled the telecommunications satellites) has created 
dilemmas. No longer can a nation such as the United States even rationally plan for 
control of the systems or capabilities. In time of conflict, it would be almost impossible to 
interrupt services because businesses and governments as customers depend on them. In 
fact, the government is one of the major users of commercial communications networks. 

Another dilemma is that satellite signals do not cleanly begin and end at national borders. 
Some nations are increasingly incensed at their inability to censor or control economic 
and political messages received by their populations. Similarly, some cultures are 
attempting to resist the intrusions of Western values that are predominant in the business 
and entertainment sectors. This is creating political and regional isolationist sentiments 
that may someday result in attempts to interrupt certain satellite transmissions. Such 
attempts make the issue of spacepower integral to both the growth of globalization and 
the continued development of large world markets for satellite services that can create 
profits and new commercial space endeavors. The nation that leads in commercial space 
will have a larger share of economic growth and be able to dictate industry standards, an 
important tool for future economic dominance as well as for space security. 

Thus, if globalization continues its rapid advance, then a nation's commercial spacepower 
is of greater importance; if globalization stalls, dedicated national security and military 
uses of space will increase, and a nation's ability to garner larger market shares for 
commercial services will be more limited . 10 Spacepower may then be determined more by 
military power than market power. 

U.S. Government Approach to Commercial Space over Time 

This brief review of U.S. Government space policy documents as they relate to 
commercial space activities clearly shows a changing attitude and increasing dependence 
on private space activities. U.S. Government space policy, however, is very complex and 
is not adequately or comprehensively reflected in any one document or even any one 
series of documents (such as Presidential Decision Directives [PDDs] on Space Policies). 
When viewed from a commercial space perspective, even analyzing only unclassified 
policies yields a set of guidelines that is sometimes inconsistent. At any given time, one 
can point to both documents in which the government provides incentives for commercial 
space to develop and mature and ones in which significant barriers to commercial space 
exist. Sometimes these incentives and barriers are erected purposefully and sometimes 
they are inadvertent, being unintended byproducts of other government priorities and 
initiatives Several categories of government policies will be described below. First, 
trends in PDDs that have direct implications for commercial space are analyzed. Second, 
PDDs and documents concerning the satellite communications sector are described. 

Third, major legislative changes that have had an impact on the development of 
commercial space and regulations imposed on commercial space endeavors over time are 
reviewed. Fourth, other government policies such as the deregulation of many industries 
and the decision of the Department of Defense (DOD) to encourage the consolidation of 
aerospace companies are discussed. 




A summary of government policy toward commercial space produces a confused set of 
signals to the industry and to foreign governments and potential competitors. The reasons 
for the contradictions include: 



• the important role of space in national security and a goal of reserving some space 
capabilities, whether commercially or government owned, for national purposes 

• a rapidly changing industry that has not yet reached commercial maturity 

• the use of space assets for international political purposes 

• changes in government policy over time concerning competition and deregulation. 

Finally, it should be noted that most other nations have developed space capabilities and 
space programs to encourage and subsidize economic growth through cutting-edge 
technological developments (as well as to create jobs). 11 The charters of most foreign 
space agencies specifically state this as one goal. 12 That provides a basis for an overt and 
active "industry policy" toward space. The United States has a government philosophy of 
not having an industry policy for any economic sector, therefore making it more difficult 
for the government to find a unified way of providing incentives to any industry, 
aerospace included. 13 

Presidential Space Documents and Decisions 

Since 1960, there have been seven major Presidential documents on space policy. 
Changes over time to the policies have never been radical but have reflected changing 
technological, political, and economic conditions. The following discussion will broadly 
summarize the approach over time of the various administrations to commercial space 
and will analyze the significance of those changes to the U.S. economy and to how 
commercial space plays a role in spacepower. 14 It is clear from the very rudimentary 
count of words in these documents that the economic and commercial aspects of space 
only became important policy considerations in the 1980s (see figure 5-2). 



Figure 5-2. Commercial Space in Presidential Space Policy 





Space policy emerged from the Cold War as a security, political, and technological 
endeavor for the United States. Early space policies focused on ensuring the security of 
the United States through winning the technological race with the former Soviet Union. 
In addition, there were concerns and issues of nuclear proliferation and deterrence in 
those early space policies, reflecting the capabilities of launch vehicles to deliver 
weapons. The economic capabilities of the United States were mentioned in the 
Eisenhower Policy but more as a general recognition that the design and development of 
space equipment would stimulate the economy. That is, jobs would be created and 
possible spin-off products would enter the economy. The Eisenhower Policy also 
recognized the future potential economic aspects of two civilian applications of space 
technologies, communications and meteorology, but these technologies were not 
discussed in detail in this overall policy document. 13 

It is also interesting to note that the Eisenhower Policy called for international 
cooperation in civilian space exploration, but at the same time space was to "demonstrate 
an over- all U.S. superiority in outer space without necessarily requiring the United States 
supremacy in every phase of space activities." 16 

The beginnings of change were apparent in the 1978 National Space Policy of the Jimmy 
Carter administration that focused on remote sensing; it called for a study and report on 
private sector involvement and investment in civil remote sensing systems. 17 

The official encouragement of commercial space did not occur until the 1980s. 18 Several 
different domestic factors, as well as several international developments, were 
responsible. First was the beginning of the maturation of the Earth observation satellites 
and the growth of a private value-added industry selling specialized products based on 



Landsat imagery. Second was the successful partial commercialization of the upper 
stages of launch vehicles (the Payload Assist Modules). Third was the Challenger 
accident in 1986 that suddenly changed the launch scenario for commercial satellites 
(mostly telecommunications). 19 

On the international scene, the 1980s were marked by the success of the French Ariane 
launch vehicle and Spot remote sensing satellites. Both were designed to directly 
compete with U.S. systems and were marketed by private companies but were essentially 
vehicles funded through government sources. Other nations were also beginning to 
design and build competitive commercial space systems and satellites. 

Therefore, on both the domestic and foreign fronts, commercial companies that had been 
solely government contractors for space equipment were branching into independent 
offerings of space components and systems. The industry was beginning to mature and, at 
the same time, the United States was entering an era of overall policy shifts toward 
economic deregulation of all industry. Although space would never be "deregulated," the 
philosophical shift meant more attention to commercial capabilities and opportunities 
along with the recognition that the government could be a customer for rather than a 
producer of some space goods and services. 

The Ronald Reagan administration policies of 1982 and 1984 further extended the 
mandate for the government to both "obtain economic and scientific benefits through the 
exploitation of space, and expand United States private- sector investment and 
involvement in the civil space and space-related activities. 20 Collectively, these policies 
emphasized that the space systems were to be for national economic benefit and that the 
U.S. Government would provide a climate conducive to expanded private sector 
investment and involvement in civil space activities with due regard to public safety and 
national security. It also called for a regulatory and supervisory system. 

It should be noted that all policies that encouraged private sector space activity and 
commercialization of space also contained caveats that required the consideration of 
national security. Thus, any commercial space venture had, and still has, investment risk 
that is subject to deliberately vague government rules and possible decisions on what 
might constitute a breach of national security. 21 

The George H.W. Bush administration expanded these commercial policies. 22 
Collectively, they called for the active encouragement of commercial investments in 
space as well as for the promotion of commercial space activities. There were even 
directions in the policy of 1991 to study the possible disposition of missiles by converting 
them into commercial launchers. (This was subject to a number of security and economic 
caveats.) Also of significance was the mandate for the government not only to promote 
commercial remote sensing, but also to "not preclude" private sector remote sensing 
activities. 

The Bill Clinton administration took further steps to encourage commercial space. In 
particular, remote sensing again was the focus of attention, with not only the previous 




security limits on the resolution of imagery that could be made public greatly relaxed, but 
also with specific policies on remote sensing that were to support and enhance U.S. 
global competitiveness in the international remote sensing market. Success in this type of 
commercial activity was viewed as contributing to our critical industrial base. 23 

Another Clinton policy directive called for the private sector to have a significant role in 
managing the development and operation of a new reusable space transportation system. 
The National Aeronautics and Space Administration (NASA) was directed to "actively 
involve the private sector." 24 Although this system (the X-33/VentureStar Project) was 
begun but never completed, it was one of the first major initiatives in space for a 
public/private partnership in the research and development (R&D) of a new launch 
system. 

By the mid-1990s, the GPS military navigation satellites, which had a free and open 
signal, had stimulated a rapidly growing private sector market for ground receivers. A 
policy directive issued in 1996 clearly recognized that the private sector investment in 
U.S. GPS technologies and services was important for economic competitiveness, and the 
policy encouraged continued private activity in this area, subject to issues of national 
security. 25 

The George W. Bush administration issued a set of space policies dealing with specific 
issues (Earth observations, transportation, navigation, and the vision for exploration) as 
well as the final policy document that covers overall space policy. 26 The commitment to 
promoting and encouraging commercial activity is continued in all of these policies. 
However, in the overall policy document issued in August 2006, there is a noticeable 
decrease in references to commercial objectives and a noticeable increase in references to 
national security issues. 

This should not be interpreted as a retreat from supporting commercial space endeavors. 
In fact, there are more companies involved in entrepreneurial space activities than ever 
before in the United States and the rest of the world. And the U.S. Government is actively 
promoting commercial ventures, both independently of and with government support, in 
programs such as NASA's commercial-off-the-shelf initiative. In addition, NASA is 
actively seeking foreign national and commercial partnerships and initiatives for future 
activities on the Moon. 

But this new policy should also serve as a sobering warning that national security will 
supersede commercial issues, if necessary, adding a significant risk to commercial 
investments on one hand, and insuring that U.S. commercial interests in space will be 
backed by some form of government protective action if they are threatened. 

In summary, overall space policy directives have slowly been transformed from a Cold 
War emphasis that marginalized the economic and commercial implications of space 
activities into a truly integrated policy that recognizes the maturity of many space 
applications, sophisticated industrial capabilities, the globalization of space technologies, 
and the importance of the space infrastructure to both civilian uses and security concerns. 




It is important to recognize that events in the past 6 years in the United States have led to 
a new space policy that continues to recognize and encourage commercial space, but with 
a greater emphasis on security and on the protection of both public and private U.S. space 
assets. 

In the early years of space, the dominance of the United States in its technology permitted 
spacepower to be practically a given, rivaled only by the competition with the Soviet 
Union. Today, the reality is that the Nation is still the leader in space expenditures but no 
longer dominates or controls developments in many space applications. Spacepower, as it 
might be measured by dominance in economic or commercial space activity, is broadly 
spread around the globe. There are only limited ways the United States can use 
commercial space for maintaining elements of control over the industry. One is to have 
the largest market share in any sector, which encourages others who may want to 
compete to adopt compatible standards for interoperability. The other is to be the leader 
in developing new technology and establish dominant control over particular markets by 
protecting that technology. Both methods are risky, expensive, and do not necessarily 
guarantee success. 

The only other way the United States can assert spacepower in the commercial sector is 
by using nonmarket (political, diplomatic, or military) actions to discourage or deny 
others access to commercial space. It is highly unlikely in today's world that such 
measures would be successful. Other nations have independent access to space and space 
assets. Many companies using space for commercial purposes are multinational 
enterprises, often with significant U.S. corporate investments and components. And the 
U.S. Government itself depends not only on U.S. commercial space goods and services 
but also on foreign systems. 27 Therefore, at this time, disrupting the fragile market and 
price system that is developing for space commercial assets would not be in the best 
interests of the United States. 

GovernmentPolicytowardT elecommunications Satellites 

Until the 1990s, most space policy topics were covered in overall policy statements. 28 
Telecommunications was handled separately from the very beginning of the space era, 
mainly because in the 1950s and 1960s, its relevance to security and its obvious 
commercial potential were much further developed than other space applications. In 
addition, telecommunications was truly a public/private endeavor, mainly developed in 
the private sector by AT&T. As early as the mid-1950s, comparisons were made that 
showed the tremendous capacity increases that could be available through satellite 
telephone calls when compared to the capacity of the transatlantic cable at that time. 29 

The change in 1961 from the Republican Eisenhower administration to the Democratic 
John F. Kennedy administration also signaled a change in attitude toward the 
telecommunications satellite system. In the Eisenhower era, it was accepted that AT&T 
was the monopoly provider of long-distance telephone service, and having the company 
expand into satellite service was not disputed. In fact, there was a clear recognition that a 
U.S. monopoly in satellite communications would be advantageous from many 




perspectives, ranging from control over the world system (and also, therefore, increasing 
the military and economic power of the United States) to cost efficiencies from scale 
economies of operation. 

The Kennedy administration altered this perspective and encouraged competition in the 
United States for privately funded satellite systems by awarding contracts for the 
development of new communications satellites by several firms. AT&T launched the 
Telstar system of two satellites in 1962, NASA awarded a competitive contract to RCA 
for the Relay satellites, also first launched in 1962, and Hughes received a sole-source 
NASA contract for the Syncom satellites, launched first in 1963. 

As the need for a world satellite communications system developed, COMSAT was 
formed in 1962 as a U.S. public corporation with shares held by both the communications 
companies as well as the general public. It was not only the manager for the International 
Telecommunications Satellite Corporation (Intelsat), but also was its U.S. official 
representative. Intelsat was formed in 1964, and its first satellite, Early Bird, was 
launched the next year. As early as 1969, there was global coverage, with agreements in 
place for ground stations across the world. 

In 1965, the Lyndon Johnson administration approved National Security Action 
Memorandum 338, which clearly stated the U.S. policy toward foreign communications 
capabilities. 30 The essence of this policy was to encourage a single global commercial 
communications satellite system. It stated that the United States should refrain from 
providing assistance to other countries that would significantly promote, stimulate, or 
encourage proliferation of communications satellite systems. It went on to say that the 
United States should not consider foreign requests for launch services in connections with 
communications satellites (except for those satellites that would be part of the 
international system). 

The European (French-German) Symphonie satellite program begun in 1967 presents an 
interesting case study. This was the first European-built telecommunications satellite, and 
the Europeans requested a launch to geosynchronous orbit from NASA. The United 
States, as a matter of policy, would not guarantee them a launch opportunity for 
Symphonie as an operational satellite. (Eventually, the United States did launch the 
satellite in 1974 under the policy exception that the satellite was an experimental one.) 
This U.S. refusal to launch a foreign, and possibly competing, satellite was one of the 
main factors prompting the development in Europe of the Ariane launch vehicle so that 
Europe would have an independent capability to launch its own operational satellites. 31 

What this example illustrates is that a policy of spacepower (denying others access to 
space while attempting to create a U.S .-led monopoly) can backfire by providing 
incentives for others to be able to ignore U.S. policies by building and operating their 
own systems. As is well known, the Ariane launch system was optimized to capture the 
launch market for commercial telecommunications satellite launches to geosynchronous 
orbit. It became a huge tactical and market success, capturing over 60 percent of the 




commercial launch market by the 1990s and effectively eliminating any hope of U.S. 
"control" of the launch vehicle market, particularly for telecommunications satellites. 32 

Over time, with the trend in the United States toward deregulation, the 
telecommunications industry monopolies have disappeared. At the same time, many 
nations have built and launched domestic telecommunications satellites. COMSAT 
became a private company and has now disappeared after being sold to Lockheed-Martin. 
Intelsat (and Inmarsat) are now privately operated. Many firms around the world are able 
to build new telecommunications satellites, and the U.S. position in this industry has 
changed from a virtual monopoly to a large, but by no means dominant, competitor. 

Other Government Regulatory Actions 

Besides the official administration PDDs on space activities, there are numerous other 
social, technological, budget, political, and economic actions that are decided by all 
branches of the government— executive, legislative, and judicial. Some are related to 
space issues but are handled through other venues. Antitrust reviews, for example, done 
by the Department of Justice and the Federal Trade Commission, often have far-reaching 
space and spacepower implications when dealing with firms engaged in space activities. 
The list of direct and tangential actions with an impact on spacepower would span almost 
the entire spectrum of government activities, from securities regulations to decisions from 
the courts. 

Examples 

Below, some examples are listed. 33 The major issue for consideration in the context of 
spacepower, however, is that many actions taken by the government for very valid 
purposes that are unrelated to space may create conditions that negate the ability to carry 
out space policies as proscribed in PDDs and/or create incentives for other nations or the 
companies in other nations to more aggressively develop systems in direct competition 
with U.S. capabilities. Taken collectively, many of these actions may make any attempt 
at a U.S. policy that emphasizes economic spacepower very difficult, if not impossible, to 
carry out. And looking historically, many of these nonspace policies and actions may 
have created and sped up the development of robust space capabilities in other nations, 
which, in turn, has weakened U.S. economic leadership in space and diluted the Nation's 
power in space systems development as well as in the technology and use of space 
applications. 34 

Overall U.S. Government philosophy toward economic deregulation of 
industry .Deregulation, along with policies to avoid developing government enterprises, is 
oriented toward letting the market and price system allocate resources more efficiently 
than government fiat can do. This works well in a truly competitive industry with many 
producers and many consumers. Unfortunately, space is an industry characterized by only 
a few producers and with governments as the major purchasers. What has occurred is a 
shift in power and human resource capability from governments to large corporations. 
Whether this is advantageous to either the development of space commerce or to U.S. 




spacepower is a matter of empirical analysis and further research, neither of which has 
been done as yet. 15 

Overall government attempts to privatize and outsource functions. Examples such as the 
attempted privatization of remote sensing satellites, first in the late 1970s and again in the 
mid-1980s, were premature and not very successful. In fact, the suggestion that the 
satellite weather service be privatized resulted in Congress declaring that meteorology 
and weather systems were a "public good" and would not be privatized. Essentially, the 
private market for space goods and services has never developed as rapidly as was 
expected, and most of these proposals have not happened due mainly to a lack of a 
sizable nongovernment market as well as to the large up-front investments. 

DOD incentives for mergers and combinations of firms since the 1990s. As discussed 
below, this has encouraged a more oligopolistic space industry in the United States. It 
also encouraged similar combinations abroad as the only way other nations could 
compete with U.S. companies. Lower-tier suppliers have been subsumed under larger 
companies, and the result has been a different type of competition than existed before 
these developments in the space sector. It has also created more powerful and capable 
foreign competition. 

Examples from Space-related Decisions 

Imposition of strict export controls on space systems and high-technology products. 
Both U.S. and foreign industries as well as foreign governments have complained bitterly 
about the strict enforcement of export control laws since the late 1990s. It is increasingly 
more difficult to share R&D information, to sell U.S. space goods and services abroad, 
and to cooperate with foreign nations, even on government projects. The hardest hit space 
industry has been satellite manufacturing in the United States, where foreign competitors 
have built and are selling equipment worldwide at the expense of a market that formerly 
was controlled and dominated by U.S. firms. 

Sunset provisions on indemnification of space third-party liability. Although perhaps of 
a lesser economic disadvantage to the United States in providing competition in launch 
services, most foreign launch companies fully indemnify their domestic industry from the 
unlikely, but possibly very expensive, liability claims that could accrue if there were a 
major disaster from a space object destroying property or taking lives upon reentering the 
Earth's atmosphere. The United States requires private insurance and indemnifies firms 
(with a cap) on claims above what insurance would pay. That is a reasonable policy, but 
it has never been made permanent. Congress has consistently put a sunset provision into 
that authorizing legislation and therefore has increased the risk of investment for U.S. 
launch firms compared to our foreign competitors. 

Decision in the 1970s to put all commercial payloads on the space shuttle and not fund 
R&D for expendable vehicles. The economic results of the Challenger disaster in 1986 
clearly highlighted the potential problems with this policy. In particular, Arianespace, the 
French/European launch vehicle company, was developing a series of vehicles mainly 




designed for the commercial market in geosynchronous telecommunications satellites. As 
a result of the United States falling behind in R&D and manufacturing of expendable 
rockets and the change in policy toward commercial space shuttle launches after 
Challenger , Arianespace was able to capture up to 60 percent of the launch market. The 
United States needed over a decade and a major policy shift toward stimulating 
commercial launch developments before being able to regain some of the lost market 
share. 

Decision not to authorize launches of foreign operational telecommunications satellites 
on U.S. launch vehicles. As with other restrictive policies, nations were given the 
incentive to develop independent capabilities. With the ensuing maturation of launch and 
satellite technologies, they were able to build very competitive and capable equipment 
without U.S. components or assistance. 36 

DOD decision to retain governance of GPS. Even though GPS was funded, designed, 
built, and operated by DOD, it had provided an unencrypted free signal for worldwide 
use as part of the program. Use of this signal has grown into a multibillion-dollar industry 
very quickly. Receivers are manufactured in many nations, and the system has become 
one of the important infrastructure services offered from space. It is important now to 
both the military and to civilian communications and timing systems. From the mid- 
1990s to today, it has been the only fully operating space navigation system. That is 
about to change as Europe, Russia, and possibly China develop their own systems. 
Nobody questions the integrity or value of the U.S. global positioning system, but 
partially because it is controlled by DOD without any inputs from other nations, there are 
incentives to invest billions of dollars abroad to duplicate the capability. From a military 
viewpoint, not giving up control of a critical technology is understandable, but from a 
practical and economic perspective, the United States likely could have maintained a 
monopoly position, or at least greatly stalled foreign developments, if the government 
had been able to compromise on this policy. 

Delayed decision to allow release of higher resolution images from Earth observation 
satellites for civil and commercial purposes. By the early 1990s, when the restriction 
was lifted on releasing or permitting private U.S. companies to collect or sell imagery 
with a resolution of less than 10 meters, France had been selling such imagery on the 
open market, as had Russia. Again, nations with aggressive economic and industry space 
policies were able to capture market shares from U.S. companies hindered by policies 
designed for security, not commercial purposes. 

The United States and the Changing International Space Environment 

In the early days of space activity, the United States and the Soviet Union were alone in 
having a full range of space capabilities. National security, particularly with respect to 
fear of the use and/or spread of nuclear weapons, and Cold War-era jockeying for both 
economic and technological supremacy were the driving forces behind the space race. 
Private sector initiatives and the commercialization of space were concepts and ideas far 
from being realized. Even telecommunications through satellites was in its infancy and, at 




least in the United States, involved private companies but only under careful economic 
regulatory supervision. Essentially, there was no commercial or economic issue of any 
great magnitude for the government to be concerned about. And where it might be 
possible, the United States had a virtual lock on competition. 

Today, just about everything has turned around. There is no technological race with 
another superpower. Nuclear technology has spread across the world despite remaining 
under strict controls. Likewise, space capabilities ranging from launch vehicles to 
satellites are available to almost any nation with the money and inclination to purchase 
them. Space technical and manufacturing capability exists in just about every developed 
region of the world, and nations are not dependent on the United States. The world 
economy has become far more interconnected, and U.S. dependence on international 
trade in goods and services has grown from approximately 5 percent of the gross 
domestic product in the 1960s to about 20 percent. 

The issue that confronts U.S. space policy in regard to economic and commercial 
spacepower is whether any policy that attempts to put the United States in a dominant 
economic role in space will be effective. The above discussion has amply illustrated that 
most such policies have backfired. They have encouraged other nations to invest in 
competitive systems so as to develop and maintain their own independent capabilities in 
space. Although worldwide competition in space infrastructure as well as space-related 
products and services may have many benefits, it does severely limit the amount of 
control any one nation might have on important dual-use technologies in space. 

Economic competition does encourage the development and deployment of new products 
and services, but not all of them may be of domestic origin. However, some U.S. policies, 
such as those that have encouraged the merger of many companies involved in space and 
defense work into an oligopolistic framework, have led to an interesting new economic 
structure where competition is among a few giant firms rather than among many 
providers. It also has led to similar conglomerations of firms abroad. This type of 
competition may not yield the same advantages (particularly to consumers— including the 
government as a purchaser of services) that usually are attributed to true competitive 
industries. 

In summary, for a variety of reasons, the United States cannot return to the space era and 
space policies of the 1960s. It can be and is a leader in space technology, but it is not the 
leader in all aspects of space. Spacepower through commercial prowess is likely to be 
shared among spacefaring nations. Policies aimed at isolation and at protection of 
commercial industries only encourage others to develop similar (and sometimes better) 
products. The only policy that can now be effective in developing a larger and more 
powerful economic competitive engine for space products is one that encourages R&D 
investments by space firms . The introduction of new and more advanced products will 
create a larger global market for the United States. A policy emphasizing offense rather 
than defense would be advantageous for stimulating spacepower through space 



commerce. 




Conclusion 



Economic and commercial spacepower is about market dominance and control. When the 
United States has a monopoly or near-monopoly in space goods or services, control is not 
a problem, and it can dictate (and has done so) to the rest of the world what it was willing 
to sell and provide. History has amply illustrated that this is a short-term phenomenon 
and that, given the value of space technologies to many sectors and to domestic security, 
nations with the ability and resources will develop their own independent capabilities. 

When other nations have similar capabilities, control becomes a problem assuming, as is 
the case with space, that control is also a critical issue in security. Options for control 
through spacepower change and become more limited. Once lost, it is almost impossible 
to regain economic control; therefore, spacepower may revert to issues of bargaining and 
negotiating power and/or military might. 

Exerting spacepower may be inconsistent with expanded commercial developments in 
space, raising investment risks and creating incentives for foreign competitors. At the 
same time, spacepower is highly correlated with increased dual-use government 
purchases of space services as well as with other security issues in space activities. 

Economic investments are made on the basis of expected rates of return. Expanding 
potential market opportunities is one of the prime motivators for private investment. The 
government may be a large customer for commercial goods and services. The economic 
question is whether it is better for a firm to invest in space because there are expanding 
private markets resulting from growth in global opportunities or because of expected 
domestic government sales, primarily for dual-use and security services. 

To the extent that the global market opportunity is denied by restrictive commercial 
policies, spacepower from a purely international economic competitive perspective is 
diminished. As encouraging as the U.S. commercial space policies are in Presidential 
documents over the past 20 years, they have been unintentionally undermined to a large 
extent by other policies. In the United States, security almost always trumps commerce. 

The United States is still the largest investor in space in the world and the technological 
and commercial space leader in many areas. This leadership is being challenged. From an 
economic standpoint alone, it will become increasingly important for the United States to 
stimulate its industry to develop better and less expensive space products in order to 
maintain its competitive position. A strong commercial space industry can and will 
contribute to spacepower. It must be recognized that space is no longer the province of 
one or two strong nations and that other nations will continue to enter the market and 
continuously challenge this leadership. 
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Spacepower is a function of multiple factors including military, civil, and commercial 
space capabilities. Without considering all three capabilities, formulation of thought on 
spacepower would fall short of reality. The commercial space industry is an evolving part 
of global space activity and is driving innovative technologies and applications in 
conjunction with government missions. It is critical to understand the major 
characteristics of the commercial space market, not only because the size of the industry 
and its technical applications have a great effect on the global economy, but also because 
the assets and services of commercial space are often used by government customers. 

Two major industry themes exist that affect issues of national interest. First is the 
interdependence between commercial industry and government space. Without the 
activities of one, the other would be operationally deficient. A second theme is the 
existence of government incentives and impediments that influence the landscape of the 
commercial space industry and its contributions to national goals. These themes will be 
examined in this chapter. 

The following sections provide insight into the space industry and activity in the 
commercial market for space products and services. The commercial industry, although 
an interconnected whole, is defined by four major components: satellite services, satellite 
manufacturing, launch services, and ground equipment. Breaking down the industry by 
sector provides a better understanding of the major trends and wide-ranging components 
that make up commercial space. An explanation of market activity, major players, and 
other critical characteristics of each sector is provided, followed by an outlook for the 
future commercial space industry and its implications for spacepower. 

Historical Overview 

Aerospace and other companies have been involved in the space industry since the 
beginning of the space age, initially as contractors to government programs. However, 
the commercial space industry did not emerge in its current recognizable form until the 
1980s. Growing demand for satellite communications, particularly television 
broadcasting, provided new business for satellite manufacturers and led to the creation of 
new companies to provide satellite services. At the same time, changes in U.S. national 
space policy in the wake of the space shuttle Challenger accident, as well as the 
emergence of competition from Europe's Ariane launch vehicle, stimulated the 
development of a domestic commercial launch industry. 




The commercial space industry continued to grow through the 1990s, in part due to 
increasing demand for broadcasting and other communications services, but also because 
companies sought to branch out into other areas, from mobile communications to remote 
sensing. This growth, fueled by billions of dollars of investment in new ventures such as 
Globalstar, Iridium, and Teledesic, created optimistic forecasts for continued future 
expansion into the next decade and led to investment in new commercial launch ventures, 
including companies that planned to develop reusable launch vehicles that would greatly 
reduce the cost of space access. However, by 2000, many of these new ventures were 
struggling: new communications companies found it difficult to compete with low-cost 
terrestrial alternatives, deterring other ventures from starting up and causing a ripple 
effect that reduced demand for satellite manufacturing and launch services. The industry 
retrenched for several years, falling back on its core, relatively mature satellite 
communications markets. However, entrepreneurs continue to explore new commercial 
space markets, with suborbital and orbital space tourism now one of the leading areas of 
interest. 

Industry Sectors: Satellite Services 
Market Overview 

The satellite services sector refers to communications and remote sensing provided by 
commercially owned or operated satellites. Three categories define the sector, based upon 
the type of service being offered: fixed satellite service, mobile satellite service, and 
direct broadcast service. These categories include lease and purchase agreements for on- 
orbit transponders, retail or subscription services (such as direct-to-home [DTH] 
television and digital audio radio service), and commercial satellite remote sensing. 

Since the earliest stages of the space age, commercial companies have provided services 
through the satellites they own or operate. In the early 1960s, the first satellite 
communications systems for commercial use were developed. The Telstar program 
produced the first active communications satellite, launched in 1962, that was developed 
using government-industry cooperation between the National Aeronautics and Space 
Administration (NASA) and AT&T. In 1965, the first commercial communications 
satellite was launched, the Communications Satellite Corporation's Early Bird, which 
acted as a line-of-sight communications repeater between North America and Europe. 
This satellite demonstrated the feasibility of geosynchronous satellite communications, 
which is the mainstay of the satellite services sector today. Satellite operators have 
proliferated worldwide and provide satellite communications capabilities in nearly every 
part of the globe while developing innovative technologies that expand available services. 

Commercial satellite remote sensing operators have also developed a presence in many 
parts of the world and have continually improved satellite imagery services. Growth in 
this market has not been as significant as in communications. Remote sensing providers 
serve the geospatial information services market and supply overhead intelligence to 
governments worldwide. 




The satellite services sector is larger than any other sector in the commercial space 
industry and has experienced sustained growth from 2002 through 2007. As figure 6-1 
shows, estimated worldwide revenues earned by satellite service providers grew from 
2000 to 2005, despite increasing global deregulation that has increased price competition, 
resulting in decreasing revenues per transponder during this period. 1 

Figure 6-1. World Satellite Services Revenue by Service Type, 2002-2007 
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Regulation plays a significant role in shaping the satellite services sector. The industry is 
licensed by regimes that differ according to the type of service provided and the 
geographical location of the company or of the service provided. Individual countries 
have the responsibility to allocate bandwidth and regulate the use of particular satellites 
within national borders (or landing rights ) in the communications and remote sensing 
sectors. In the United States, the Federal Communications Commission regulates satellite 
communications, while the National Oceanic and Atmospheric Administration in the 
Department of Commerce regulates commercial satellite remote sensing operators. Two 
documents that provide the foundation of regulatory guidance in the United States are the 
Communications Satellite Act of 1962 and the 1992 Land Remote Sensing Policy Act. 

Similarly, other countries have regulatory entities that levy rules on commercial service 
providers within their jurisdiction. Because regulatory regimes vary from country to 
country, this creates additional complexity and potential difficulty for companies seeking 
allocated bandwidth and landing rights in a given country. 



Key Satellite Service Providers 









The satellite services sector is composed of numerous global and regional companies 
providing various services to most regions of the world. Select companies with the 
greatest impact on the market for different types of services are listed in table 6-1. The 
services are an integral part of personal and business activity globally, as well as 
government communications and intelligence collection. For this reason, commercial 
satellite assets are critical infrastructure that promote economic growth, sustain well 
being, and enhance security. 

Table 6-1. Significant Worldwide Satellite Services Companies 
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The size of this sector, in terms of worldwide revenues by satellite services companies, 
exceeded $70 billion in 2007. Companies based in the United States play a significant 
role in this sector: about 45 percent of 2007 revenue can be attributed to U.S. companies 
(see figure 6-2) .Moreover, from 2002 to 2007, these U.S. companies maintained a 
relatively steady percentage of all satellite services revenue, ranging a low of 39 percent 
to a high of 49 percent in 2007 . 2 

Figure 6-2. World versus U.S. Satellite Services Revenue, 2002-2007 
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In addition to the companies that own and operate satellites, private equity firms are 
playing an increasingly important role in this sector. This trend is particularly the case in 
the U.S. market; the effect of private equity in the sector varies by location. Private equity 
firms are purchasing satellite assets at an increasing pace, which could potentially affect 
the future landscape of the entire industry. The long-term nature of satellite planning is in 
conflict with the short-term business nature of the private equity planning horizon. 

Absent the traditional longer term technology development focus, this could affect the 
procurement of future satellites if there is insufficient attention to recapitalization and 
investment in physical assets. In this case, the business environment of commercial 
services could affect whether there is sufficient capacity available to government and 
nongovernmental customers. 

Industry Sectors: Satellite Manufacturing 

Market Overview 

The commercial satellite manufacturing sector, historically dominated by a handful of 
American and European firms, has diversified both geographically and technologically in 
the past decade. A host of Asia-Pacific companies has entered the market. Meanwhile, 
European companies have partnered to take advantage of market opportunities created by 
U.S. export regulations, which are generally perceived to have precipitated a decline in 
the U.S. share of the market. Established and new satellite manufacturers, both in the 
United States and abroad, have sought competitive advantages in technologies such as 
small satellites, customizable modular bus designs into which standardized interoperable 
payload components can be inserted according to the desired function of the satellite 
(known as plug-and-play modular buses), and advanced remote sensing, imagery, and 
communications instrumentation. 

One driving force behind this internationalization and specialization of the satellite 
manufacturing sector has been the changing levels of demand .Traced over the past 
decade (1999-2008), the financial performance of the satellite manufacturing sectors 
forms a U-curve:a marked decline, a period of leveling, followed by a resurgence .In the 
late 1990s, surging Internet usage and the need for increasingly sophisticated, globally 
available communications services fueled expectations that many fleets of new satellites 
would be needed. Instead, the telecom bubble burst, and satellite manufacturers have 
since competed for a limited number of contracts. Non-geosynchronous orbit (NGSO) 
communications ventures such as Globalstar and Iridium experienced financial failures 
and both underwent extensive restructuring before returning to their current operational 
status. During this period, geosynchronous Earth orbit (GEO) commercial providers 
ordered fewer replacement satellites, opting instead to consolidate their fleets and to 
invest only in maintaining or replacing spacecraft as required to preserve their current 
constellations .However, after several years of shrinking demand, beginning in 2006, 
satellite manufacturing revenues began to rebound .After falling from $11 billion in 2002 
to $7.8 billion in 2005, satellite manufacturing revenues rose sharply to $12 billion in 
2006 .This trend was sustained in 2007 with satellite manufacturing revenues of $11.6 
billion recorded. 




Importantly, the slight drop between 2006 and 2007 was due not to fewer satellites being 
produced for launch but rather to the decrease in the average mass of the satellites 
launched in 2007 .This highlights another trend in the satellite manufacturing market, the 
growing importance of small satellites, or smallsats, which will be discussed later in this 
section (see figure 6-3). 3 

Figure 6-3. Worldwide Satellite Manufacturing Revenues, 2002-2007 
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Despite the recent resurgence in satellite manufacturing revenues, the deep global 
recession that began in 2008 and continued in early 2009 will likely impact the satellite 
manufacturing sector. There is typically a period of many months, often extending to 
years, between completion of a satellite manufacturing contract and delivery of the 
satellite. This gap means satellite manufacturers usually have a backlog of contracts. 
When the recession began, satellites manufacturers were building spacecraft ordered 
before the global downturn; many had very high backlogs in late 2008 and early 2009. 
The duration of the recession can create a risk that fewer new satellite orders will be 
placed overall, despite the ability of some major players to accelerate purchases 
opportunistically during this period of market contraction. For this reason and the 
ongoing difficulties in the credit markets, satellite manufacturing could suffer from a 
delayed recession impact, leading to a potential contraction in manufacturing revenues in 
2010 and beyond. 



In response to this tightening market, manufacturers in China, India, and other Asian 
countries have sought to compete on a price basis. Asian manufacturers benefit from a 
large pool of skilled low-cost labor and maintain considerable, but nontransparent, 
collaborative relationships with government-funded space agencies and science institutes 
in their home countries. These factors keep costs low and create mechanisms for 
leveraging public sector research and development resources toward commercial ends, 
enabling Asian manufacturers to offer satellite buses on the world market at 
comparatively lower rates. 

Meanwhile, U.S. companies, stimulated partly by government-sponsored responsive 
space and other initiatives, have pursued a technological edge. They have invested in 
facilities to develop smallsats, which can offer the same functionality as larger satellites 
at a fraction of the cost. Interest in smallsats has also prompted U.S. manufacturers to 
explore plug-and-play technology. 

The global market has been slower to adopt the smallsat concept, and despite the 
technical advances, U.S. manufacturers have experienced declining market share since 
the beginning of the decade. In 2000, 51 percent of worldwide satellite manufacturing 
revenues went to U.S. companies. By 2007, this proportion had decreased to 41 percent. 
The industry consensus is that a significant portion of this decline has been caused by 
U.S. Department of State International Traffic in Arms Regulations (ITAR) controls, 
which make it difficult and sometimes impossible for U.S. manufacturers to build 
satellites for or provide components to foreign clients. 

The application of ITAR regulations has become a subject of consternation in this U.S. 
commercial space sector. From component suppliers to bus providers and payload 
integration companies, all tiers of the American satellite manufacturing sector have seen 
their global market potential reduced by ITAR restrictions. As American firms have 
explored state-of-the-art technologies to gain a market advantage, European, Russian, and 
other international firms have specialized by marketing satellites that are not subject to 
ITAR controls. These export control rules, which were designed to protect U.S. 
technology, have created a market based solely on avoidance of the controls. Among the 
most prominent examples is the case of Chinasat-8, a communications satellite serving 
the China Satellite Communications Corporation (Chinasat) of Beijing. In 1998, Loral 
Space and Communications, a U.S. manufacturer, completed construction of Chinasat-8 
but was prevented by ITAR rules from exporting it for launch aboard a Chinese Long 
March vehicle. The satellite remained in storage for 6 years while Loral sought export 
approval from the Department of State. Loral's efforts were ultimately unsuccessful. As a 
result, Chinasat awarded a $145-million manufacturing contract for the follow-on 
satellite, Chinasat-9, to Alcatel Alenia Space (now Thales Alenia Space), a European 
company not subject to ITAR. Thales Alenia has meanwhile also taken the lead in 
developing an "ITAR-free" satellite whose components are supplied wholly by 
manufacturers outside the United States. Similar collaborations among international 
satellite manufacturers in this market space were in various stages of progress as of early 
2009. 




Cases like Chinasat-8 have prompted a consensus among American satellite 
manufacturers that by disadvantaging U.S. firms in the global marketplace, ITAR rules 
harm the national interest more than help it. However, others continue to cite the need to 
limit technology transfers to possible adversaries. It is important to consider that, now, 
there are non-U .S. companies providing the international market with technology of 
equal or better quality than U.S. technology. Against this backdrop of foreign 
competition and dual-use issues, the debate continues over how best to balance American 
commercial and security interests as they pertain to satellite manufacturing. 

Key Satellite Manufacturers 

Five companies currently dominate the commercial satellite manufacturing sector: The 
Boeing Company, Lockheed Martin Commercial Space Systems, and Space 
Systems/Loral in the United States; and Alcatel Alenia Space and EADS Astrium in 
Europe. Together, these companies have won approximately three-fourths of announced 
GEO commercial payload manufacturing contracts in the past decade. The remaining 
contracts were distributed among a handful of smaller players: Orbital Sciences 
Corporation in the United States; Khrunichev State Research and Production Space 
Center, NPO PM, and Energiya in Russia; Mitsubishi Electric in Japan; and the Chinese 
Academy of Space Technology (CAST). 

In addition to commercial GEO satellite contracts, a number of companies manufacture 
NGSO satellites as well as GEO satellites whose contracts are not openly competed on 
the commercial market. Other U.S. satellite manufacturers include Northrop Grumman 
Corporation, Aero Astro, Ball Aerospace, General Dynamics, and several firms 
specializing in small satellites, such as Instarsat, Microsat Systems, SpaceDev, and 
Swales Aerospace. 

Beyond Thales Alenia and EADS, Europe is also home to smaller satellite manufacturers. 
Two significant smaller manufacturers are Germany's OHB-System AG and Britain's 
Surrey Satellite Technology Ltd., one of the world's foremost smallsat builders. Like 
American firms, European satellite manufacturers often partner and subcontract with one 
another. Unlike American firms, European manufacturers are not subject to ITAR 
restrictions, enabling them to collaborate more easily with firms abroad. While European 
manufacturers are subject to some export controls, European Union rules are not as strict 
as those of its U.S. counterparts. This has allowed collaboration with Russian and other 
international firms, including a 2005 accord between EADS Astrium and Antrix, the 
commercial arm of the Indian Space Research Organization, to jointly address the 
commercial market. 

In Asia, Japanese companies such as Nippon Electric Corporation and Mitsubishi were 
for many years the only satellite manufacturing market contenders. But in the past 
decade, Chinese and Indian firms have emerged. In addition to producing a steady flow 
of payloads for Chinese government and commercial purposes, CAST has contracted to 
build satellites for the Venezuelan and Nigerian governments and has established ties 
with Thales Alenia to cooperate in addressing the satellite export market. India's Antrix is 




pursuing a similar path, building satellites for domestic Indian clients while enhancing its 
focus on international customers. The success in February 2006 of the joint EADS 
Astrium-Antrix bid to manufacture the Eutelsat W2M communications satellite marked 
India's first major international satellite manufacturing contract. China and India are 
positioning themselves to compete primarily on a cost basis. If satellite demand begins to 
stagnate or decline due to the current recession, the price advantages both countries can 
offer may prove decisive in a tightening market. 

Finally, a collection of other international satellite manufacturers occupies small niches 
within the market. Israel Aircraft Industries and Elbit Systems together manufacture 
sophisticated remote sensing satellites for Israeli military use. Iran is seeking to build a 
similar indigenous satellite capability via Shahid Hemmat 1G, a government-funded 
manufacturer about which little information is known. In South America, Argentina's 
INVAP, a research incubator sponsored by the government, has attempted to foster a 
national commercial satellite manufacturing industry with little success thus far. The 
Korean Aerospace Research Institute has pursued the same goal in South Korea, but 
despite these efforts, that country has not yet joined China and India as a contender in the 
commercial satellite manufacturing marketplace. Finally, Canada's MacDonald, 
Dettwiler, and Associates is seeking to enhance its payload manufacturing offerings. 

Satellite Technologies and Trends 

Small satellites are a key emerging technology area in the satellite manufacturing sector. 
The ability to conduct functions currently handled by larger satellites using smaller, 
lighter payloads promises to increase payload versatility while reducing manufacturing 
and launch costs. While smallsats promise advantages due to their launch and operational 
flexibility, their strategic value has not yet been demonstrated in operational scenarios. 
The U.S. military has funded the building and test launch of several smallsats, and 
numerous universities worldwide have designed 1 -kilogram cube-shaped satellites for 
similar experimental missions. These have been used mainly for technology development 
rather than commercial applications. While there will continue to be military, scientific, 
and nonprofit interest in smallsat technologies, the manufacturing tempo of small 
satellites appears unlikely to increase significantly until their commercial viability has 
been demonstrated. 

Other satellite technologies under development also have strategic implications. Several 
U.S. and international satellite manufacturers continue to produce intelligence, 
surveillance, and reconnaissance satellites. More recent models of these satellites feature 
technologies such as synthetic aperture radar, which allow satellites to analyze ground 
images despite interference from low light and cloud cover, and high-resolution cameras 
and imagers. Meanwhile, the U.S. global positioning system (GPS) constellation and 
other navigation systems programs are seeking to bolster future satellites with advanced 
positioning, navigation, and timing technologies. These technologies will increase the 
overall accuracy of the satellite navigation systems they serve— including a diverse array 
of critical military, commercial, and civil applications. Other technologies will be applied 




to space surveillance, situational awareness space asset defense, and possibly offensive 
counterspace. 

Despite these high value-added technology developments, the satellite manufacturing 
sector now contributes proportionately less to the overall economic valuation of the 
commercial space industry than it did at the beginning of the decade (see figure 6-4). In 
2000, revenues from the satellite manufacturing sector constituted 18 percent of 
worldwide space industry revenues. By 2007, the proportion had shrunk to 9 percent. 4 

Figure 6-4. Composition of Worldwide Space Industry Revenues, 2002 
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Given these market dynamics, the satellite manufacturing sector will likely face growing 
pressures to adapt to a tightening market in the 2010 timeframe and beyond. Although 
government requirements will continue to generate demand for new satellites and satellite 
technologies, the ongoing recession suggests that the recent rebound in the satellite 
manufacturing sector might be short-lived. The sector appears poised to enter another 
period of change in which satellite manufacturers with the most diverse portfolios of 
satellite hardware offerings and capabilities will likely benefit from comparative 
advantages over their counterparts. 

Industry Sectors: Launch Services 



Launch Market Overview 



Commercial payloads have created demand for launch services since the early 
communications satellites of the 1960s. Initially, those launches were provided by 
government organizations, such as NASA. By the 1980s, a commercial launch industry 
had emerged with the rise of Arianespace, the European company that markets launches 
of the Ariane launch vehicle family, and the 1986 decision by President Ronald Reagan 
to move commercial and many government payloads from the space shuttle to 
expendable launch vehicles intensified these developments. Competition increased in the 
1990s with the introduction of the Chinese Long March and various Russian vehicles to 
the global market. 

The commercial launch sector has experienced wide variations in activity in the last 10 
years (see figure 6-5). In the latter half of the 1990s, commercial launch activity surged 
primarily because of the launch of a growing number of GEO communications satellites, 
as well as the deployment of three low Earth orbit (LEO) communications systems: 
Globalstar, Iridium, and ORBCOMM. However, after the telecommunications boom 
ended in 2000 and the LEO satellite operators filed for bankruptcy protection, launch 
activity dropped precipitously. Forecasts for launch activity through the middle of the 
next decade, as generated by the U.S. Federal Aviation Administration's (FAA's) Office 
of Commercial Space Transportation and the Commercial Space Transportation Advisory 
Committee, do not foresee a return to the peak levels of the late 1990s, although launch 
activity is projected to remain above the early 2000s nadir, in part because of efforts to 
replace the original LEO satellite constellations with new generations of spacecraft (see 
figure 6-6). 5 

Figure 6-5. Composition of Worldwide Space Industry Revenues, 2007 
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Figure 6-6. Worldwide Commercial Launches, 1999-2008 
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Translating launch activity into revenue for the industry has been notoriously difficult 
because of the lack of independently verifiable pricing data. Launch services providers, 
with rare exceptions, do not publish prices for either individual launch contracts or 
vehicles in general. Anecdotal data suggest that launch prices have varied considerably in 
the last decade, falling early in the decade because of considerable oversupply in the 
market but later recovering somewhat because of an increase in demand and short-term 
supply constraints. By early 2009, there was some evidence of a renewed decline in 
launch prices, at least by some launch providers. Figure 6-7 provides an approximation 
of launch services revenue, based on FAA-approved estimates of commercial launch 
prices. 



Figure 6-7. Commercial Launch Forecast, 2009-2018 
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From 1999 to 2008, the U.S. share of the global commercial launch market significantly 
declined. The United States held a de facto monopoly on the commercial market prior to 
the entry of Arianespace in the 1980s and maintained a significant share of this market 
through much of the 1990s. The U.S. share of the commercial launch market fell 
significantly this decade, however, and has declined even more in recent years (see figure 
6-8). Much of the decline has to do with price: while individual purchase decisions are 
not especially price sensitive (since the cost of launch is only a fraction of the overall cost 
to build and deploy a large commercial GEO communications satellite), non-U .S. launch 
vehicles on the market have proven to be both equally reliable and less expensive, 
providing better service to commercial customers .One U.S. company, Space Exploration 
Technologies (SpaceX), is attempting to reverse this trend with its Falcon line of launch 
vehicle that can launch spacecraft at prices significantly below not just other U.S -built 
vehicles, but international competitors as well. 



Figure 6-8. Estimated Worldwide Commercial Launch Revenues, 1999-2008 
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Key Launch Service Players 

Three providers currently dominate the commercial launch services market. Arianespace, 
a French company, provides the Ariane 5 launch vehicle, the only vehicle that offers 
dual-manifesting for large GEO satellites. Arianespace is also now selling launches on 
the Russian-built Soyuz rocket, which will begin flights out of the European spaceport in 
Kourou, French Guiana, in 2010. Sea Launch is a multinational venture led by a U.S. 
company, Boeing, and includes companies from Ukraine, Russia, and Norway. It offers 
flights on the Zenit-3SL, a Ukrainian-built launch vehicle with a Russian upper stage that 
is launched from a mobile launch platform on the Equator in the Pacific Ocean to 
maximize its performance. A version of the same vehicle, designated Zenit-3SLB , 
entered service in 2008 from the Baykonur cosmodrome in Kazakhstan under the Land 
Launch brand. 

International Launch Services (ILS) formed in 1995 as a joint venture between Lockheed 
Martin, Khrunichev, and Energiya. It originally sold commercial launches on the Atlas 
family of vehicles and the Proton. In October 2006, Lockheed sold its majority stake in 
ILS to a new venture, Space Transport, and retained commercial marketing rights for the 
Atlas 5. Space Transport sold its stake in ILS to Khrunichev in 2008. ILS continues to 
offer the Proton and plans to offer its eventual successor, the Angara, once it enters 
service. 

Boeing withdrew the Delta 4 vehicle from the commercial market in 2003, citing poor 
market conditions, but continues to sell the smaller Delta 2 commercially for launches of 
NGSO spacecraft, such as commercial remote sensing satellites. Lockheed Martin offers 




only the Atlas 5 commercially, having retired older variants of the Atlas family earlier in 
the decade. SpaceX successfully flew its small Falcon 1 launch vehicle in 2008 and plans 
to launch the larger Falcon 9 for the first time in 2009. 

Several companies also offer smaller launch vehicles intended for NGSO 
communications and remote sensing satellites as well as government spacecraft whose 
launches are procured commercially. These companies include U.S .-based Orbital 
Sciences Corporation, which offers the Pegasus and Taurus; Eurockot, a German-Russian 
joint venture that markets the Russian-built Rockot; and Kosmotras, a Russian company 
that offers the Dnepr, a converted SS-18 intercontinental ballistic missile. Arianespace 
also plans to market the Vega small launch vehicle currently under development by the 
European Space Agency (ESA). 

Several other countries are interested in entering or reentering the commercial launch 
market. China, which offered commercial launches on its Long March family of boosters 
through 2000, exited the market when U.S. export control changes made the transfer of 
satellites to China for launch effectively impossible. China hopes to be able to reenter the 
market by providing launches for so-called ITAR-free satellites being developed by 
European manufacturers, notably Thales Alenia Space, and has won several launch 
contracts for such spacecraft in the last few years. Japan has expressed an interest in 
making its H-2A vehicle available to commercial customers. India has sold one 
commercial launch on its Polar Satellite Launch Vehicle to the Italian space agency for a 
small astronomy satellite and is seeking commercial orders for its larger Geosynchronous 
Satellite Launch Vehicle. 

Suborbital launch services have traditionally been limited primarily to government 
markets, from scientific research to missile defense development. However, there has 
been renewed interest in commercial suborbital spaceflight, primarily for the emerging 
personal spaceflight (better known as space tourism) industry. SpaceShipOne, a piloted 
reusable suborbital spacecraft built by Scaled Composites, won the $ 10-million Ansari X 
Prize in 2004, helping generate interest in this market. Virgin Galactic has licensed the 
SpaceShipOne technology and is working with Scaled Composites to develop Spaceship 
Two, which is beginning flight tests in 2009 Other entrants in this field include Armadillo 
Aerospace, Rocketplane Global, and XCOR Aerospace in the United States; PlanetSpace, 
a joint U.S .-Canadian venture; and Starchaser Ltd. in the United Kingdom. 

Industry Sectors: Ground Equipment 

Market Overview 

Satellite ground equipment is an important component in the provision of satellite 
services. In the early days of satellite communications, ground equipment consisted of 
dishes dozens of feet in diameter supported by rooms filled with electronics, requiring 
budgets in the millions of dollars to build, maintain, and operate. Present-day 
technologies, such as very small aperture terminals (VSATs), miniaturized antennas, and 
microelectronics, have made DTH television and Internet services and satellite phones 




affordable and useful to a wide range of users. In the future, advanced technologies such 
as laser links and conformal array antennas will bring new capabilities to commercial and 
defense applications alike. 

Ground equipment includes a broad array of devices and components used for satellite 
communications. Ground equipment can be divided into three major categories: Earth 
stations, VSATs, and consumer electronics. Earth station components include the 
equipment required for uplinking and downlinking transmissions to and from satellites 
and the equipment required to control satellites on orbit. Earth stations usually utilize 
large aperture satellite dishes capable of high bandwidth data transmission. VSATs 
provide businesses and other relatively high bandwidth users with flexible, transportable, 
and cost-effective satellite communications. Consumer electronics include devices 
employed by end users to receive satellite services for both mobile and fixed applications. 
In addition, GPS devices are also a part of this sector, using the military satellite signals 
for positioning by a varied user group. Table 6-2 describes these market segments and 
their applications. 



Table 6-2. Ground Equipment Market Segments 
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The large number of countries involved in producing ground equipment makes this 
segment of the space industry a truly global market. Hundreds of companies from many 



countries produce the wide variety of electronic components required to manufacture 
Earth stations and consumer electronics . The United States was expected to manufacture 
roughly 20 percent of the approximately 5,300 Earth stations that were to be produced in 
2007. 6 

Revenues from the sale of ground equipment have grown for the last 8 years (see figure 
6-9). Sales of ground equipment grew by over 19 percent during 2007 versus 2006. The 
biggest driver of this revenue growth is end-user equipment, particularly for key 
consumer services: satellite radio and DTH television. While prices for some ground 
equipment, such as VSATs, continue to decline, prices for consumer service-related 
hardware, such as satellite radio receivers, are increasing as new technology and 
capabilities are introduced. 

Figure 6-9. Commercial Launch Market Share by Country, 1997-2001 
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Importance of Ground Equipment for National Security 

Satellite ground equipment is an important component in the provision of satellite 
services for the military and other security personnel. Low-cost commercial-off-the-shelf 
satellite communications and navigation ground equipment has been effectively utilized 
by blue forces and enemy combatants in recent conflicts around the globe. These 



technologies also provide necessary support in homeland defense and crisis response 
situations, particularly when terrestrial technology options are hampered by the crisis 
situation. Users at the Federal (both military and nonmilitary agencies), state, local, 
corporate, and individual levels are all beneficiaries of advances in the commercial 
satellite ground equipment sector, though they must consider issues of communications 
interoperability to best use the technology. The development and deployment of 
advanced satellite ground equipment such as laser links and conformal array antennas 
could provide warfighters and crisis responders with increasingly decisive command, 
control, communications, and intelligence capabilities in the future. 

The Next Space Age: A Commercial Space Paradigm 

The world may already be witnessing the arrival of the next space age. Increased 
acceptance of high-risk commercial space business ventures as an element within an 
investment portfolio is one beginning. Space adventures such as personal spaceflight and 
the launch of private space habitats are another. The U.S. Government's commitment to 
purchase commercially produced space goods and services is yet another. Assuming 
success, these transformational changes will create new services and capabilities and 
greater interdependence among users, and thereby enhanced spacepower. 

If these are indicators of a transition into the next space age, what signs might confirm 
the existence of a new paradigm for commercial space? How will the world know that its 
model of space commerce has permanently changed? Are such changes now observable? 
While the future is difficult to predict, certain observations might confirm a new 
paradigm. 

One of the first signs of the new space age may be the way that space-related goods and 
services have become seamlessly integrated as a critical part of the human experience. 
Communications, navigation, weather, and satellite imagery are current applications 
affecting how people live on a daily basis. As barriers to entry fall and new space 
applications continue to increase our quality of life, the acceptance of space commerce as 
an investment opportunity, a business, and a career will become a naturally occurring 
human experience. 

In the next space age, the commercial space industry will be an integral component of 
defense and civil space initiatives. Communications, GPS, weather, and remote sensing 
satellites are prominent examples of the growing interdependence identified in this 
chapter. Governments and private operators will seek to leverage commercially and 
strategically valuable space products and services. Whether private or government, space 
developers will consider all users in systems design and operations. 

Also in the next space age, space technology will be ubiquitous and produced by many 
nations. The global manufacturing of satellite ground equipment is an example of what 
will exist more broadly in the next space age. Many of the current space-capable nations 
view themselves as commercial suppliers of space goods and services. New foreign space 
powers will utilize space in increasingly complex ways, creating competition for 




established space powers and for each other in a global economy. This competition will 
drive technology development, reduce prices, improve capabilities, decrease risk, and 
improve value for consumers. 

Several actions must be sustained to continue to encourage and facilitate transition to a 
new commercial space paradigm. Government research and development, as well as 
funding for industry, serve as rich sources of technology and inspiration for entrepreneurs 
and must continue. After the first few nonclassical commercial space ventures succeed 
financially, transition to a new paradigm will accelerate, paving the way for new 
commercial opportunities. 

As for assurance of success, the numbers favor a breakthrough. A large number of truly 
bold private business ventures currently exist. Furthermore, this is a global, not just an 
American, phenomenon. Commercial space is a largely unexplored and untapped 
frontier. However, the explorers and investors currently considering space ventures may 
not be the first to succeed; they have been preceded by the industry's pioneers who have 
already committed to advance into the next space age. 

Future Projections and Implications for Spacepower 

Since the beginning of this decade, the four broad sectors that together compose the 
commercial space industry — satellite services, satellite manufacturing, launch services, 
and ground equipment— have experienced market fluctuations that are related. The 
bursting of the 1990s telecommunications bubble proved to be a seminal event that 
adversely impacted all four market segments and whose effects continue to linger. The 
telecommunications downturn shattered expectations that demand for satellite services 
would grow indefinitely. This led to fewer new satellites being ordered than widely 
projected at the beginning of the decade, which has resulted in more competition for 
fewer contracts in the satellite manufacturing industry. Fewer satellite orders have meant 
fewer launches needed, causing a decline in the launch services sector relative to the late 
1990s. And the resulting general stagnation in all of these areas has reduced future 
demand projections in the ground equipment segment to a certain extent. A new 
generation of financial owners also emerged, and their business decisions coupled with 
the slower market growth have also contributed to this market conservatism. 

However, following an industry-wide shakeout, the worldwide commercial space 
industry has rebounded. Between 2002 and 2007, worldwide space industry revenues 
grew by 73 percent, from $71 billion to $123 billion. The explanation for this surprising 
growth lies in the satellite services and ground equipment segments. Although satellite 
services have not grown at the meteoric pace envisioned during the telecommunications 
heyday of the late 1990s, global Internet, DTH television, telephony, and data usage have 
continued to grow steadily, fueling solid demand that has boosted revenues each year. 

The value of the satellite services industry nearly doubled between 2002 and 2007, 
increasing from $35.6 billion to $73.9 billion. This steady growth has also increased the 
relative weight of satellite services as a component of the overall space industry. Satellite 




services accounted for 5 1 percent of industry revenue in 2002 but grew to 60 percent by 
2007. 7 

Demand for satellite services, in turn, has sustained the growth of the ground equipment 
sector. Consumer demand for electronics to receive satellite radio and DTH video 
services has enabled the ground equipment sector to grow consistently each year in this 
decade thus far. In 2002, revenues for the ground equipment sector totaled $21 billion, 
increasing to $34.3 billion by 2007 —an increase of 63 percent. This rapid growth in the 
satellite services and ground equipment markets has offset the comparative declines in 
the satellite manufacturing and launch services markets. As the former two markets have 
become linchpins for the sustained revenue growth of the space industry, the latter two 
have become relatively less of a factor, shrinking from 20 percent of total industry 
revenue in 2002 to 12 percent in 2007. 8 

The worldwide recession that began in 2008 and continues in 2009 will likely have an 
adverse, but delayed, impact on the commercial space industry .In the short term, 
backlogs from order completed prior to the recession can sustain the launch and satellite 
manufacturing industries .Meanwhile, satellite services and ground equipment will have 
become such a ubiquitous— if invisible— aspect of life that consumer demand will likely 
not begin to shrink significantly until the recession becomes especially prolonged. 
However, as unfavorable economic circumstances persist, the commercial space industry 
is likely to suffer the belated effects of the worldwide economic downturn .Many analysts 
predict that 2010 and 2011 may prove especially difficult years for the commercial space 
industry, with a significant flattening or contraction possible. 

A downturn in the commercial space industry would have significant implications for 
spacepower.The existence of a commercial space industry outside of direct government 
spacepower efforts expands the range of spacepower options available to policymakers .If 
spacepower is ultimately about power projection— the ability to access and use space for 
strategic national needs and objectives and to deny adversaries that ability— then each of 
the four segments of the commercial space industry discussed in this chapter plays a key 
role in complementing the spacepower of the nation-state. 

As the world moves into the 21 st century, the possibility of asymmetric national security 
threats posed by terrorists or rogue states remains central to defense policymaking. In the 
U.S. space community, this has translated into efforts to ensure both traditional and 
responsive space capabilities that can deploy space assets with global effects on short 
notice. The U.S. Government continues to fund the development of vehicles designed for 
short launch turnaround times and maximum flexibility. Parallel to these efforts, the 
military is increasing research and development funding for smallsats, which promise to 
carry out many of the functions of larger satellites at a fraction of the cost.The U.S. 
Government is also promoting new technologies and markets through cash prizes such as 
the Centennial Challenges competitions, as well as initiatives such as the COTS 
agreements. These government-funded efforts to create an operationally responsive, 
comprehensive space capability will have increasing commercial implications. If the U.S. 
Government eventually permits nonsensitive technologies from these more agile vehicles 




and smaller satellites to be used commercially, payload functionality may be increased 
and launch costs may be lowered to the point where both the satellite manufacturing and 
launch services markets can be reinvigorated. Heightened focus on national security 
threats and growing reliance on the availability of multiple data sources have also led to 
an increase in the demand for satellite communications by deployed U.S. personnel, with 
a focus on innovations such as communications-on-the-move. This increase has a 
generally positive effect on the satellite services and ground equipment sectors, which 
provide additional communications capability to the government. 

For the more immediate present and future, the commercial sector is enabling new 
markets largely without government assistance. The successful capture of the Ansari X 
Prize by Scaled Composites' SpaceShipOne vehicle in October 2004 demonstrated that 
private incentives could entice entrepreneurs to develop their own launch systems and 
other space technologies independent of government assistance. The U.S. Government, 
though, is also promoting these new markets through the Centennial Challenges 
competitions and the Commercial Orbital Transportation Services agreements. At the 
same time, the SpaceShipOne vehicle itself brought the prospect of suborbital space 
tourism one step closer to reality. Virgin Galactic and other suborbital space tourism 
companies are currently expected to begin service by 2010. Since the cost of a suborbital 
space tourism flight is projected to be several orders of magnitude cheaper than that of an 
orbital flight— an expected $200,000 versus $20 million— the number of suborbital space 
tourism flights per year may be in the low hundreds within the next decade. This 
emerging market, when realized, will likely have a significant impact on the structure of 
the space industry as a whole. 

Advances in space technology will have an impact on the commercial industry as well as 
the space community. An example of a significant technology issue is the active lifespan 
of satellites. The lifespan of an average satellite ranges roughly from 5 to 15 years 
depending on the application. Low and medium Earth orbit satellites tend to operate for 
shorter life spans than GEO satellites, which have planned design lives of about 15 years. 
Extending the average life of all satellites could impact the industry in a variety of ways. 
Longer-life satellites will reduce the need for replacements to maintain the same amount 
of capacity, which would be financially beneficial, but there are related limitations. For 
example, if a satellite is designed for 20 years of service but has a defect that renders the 
satellite useless in 10 years, operators and insurers would face significantly increased 
losses. If satellites worked perfectly for 20 years but a new technology development 
rendered them obsolete, there would be financial losses. Long-life satellites may in 
general have trouble adapting to changing market conditions and innovative 
technologies .Conversely, making satellites with shorter lifespans may give an operator 
the ability to adapt to changing economic, technological, and political forces .The shorter 
lifespan could allow for a greater quantity of industry activity using the most up-to-date 
technology, but would require more launches and more satellites to meet the capability of 
a longer life satellite on orbit, potentially increasing total costs. 

Another issue that could have effects on the commercial space industry in the future is 
the threat of hostile attacks against its assets, which would be detrimental to the industry. 




The U.S. military has continued to increase its reliance on commercial space assets, 
particularly communications and remote sensing capabilities. This reliance leads to 
concerns about attacks on commercial assets that are being used, or are perceived to be 
used, for military purposes. Vulnerabilities exist in the space and ground segments as 
well as in the transmission and sensing of data— the entire commercial industry is 
vulnerable, though efforts have begun to strengthen commercial space defenses against 
attacks. Potential attacks could range from physical to electronic attacks that destroy, 
deny, or disable space capabilities. If commercial assets are targeted and rendered 
inoperable, their operators will incur financial losses. Satellite operators who avoid 
working with the military may still have their assets targeted, and the consequences of 
attacks on noncommercial assets— for example, orbital debris— could affect commercial 
assets. If commercial assets are targeted, the military may be more inclined to build their 
own hardened spacecraft rather than purchase services from industry, meaning there will 
be significant consequences for the overall commercial industry. 

Space activity itself is not a major economic force, but it is a potent economic enabler 
and a critical component of any nation's infrastructure. For example, timing signals from 
the GPS constellation are utilized by banks and other financial institutions around the 
globe to keep financial systems synchronized. Satellite communications systems facilitate 
the global communications necessary for international banking and commerce. The news 
and entertainment industries are also dependent on satellite capabilities. Overall, the 
globalized economy relies heavily on satellite technology and infrastructure. 

The implications of these current and future commercial space industry trends for 
spacepower theory are best understood as they pertain to space assets. In all four market 
sectors that define the industry, any U.S. advantages that exist are being reduced by 
competition from European and Asian organizations. In the satellite services and ground 
equipment segments, U.S. commercial firms have the most advanced technologies and a 
stable customer base. The potential customer base and content demand in the European 
and Asian markets, though, suggest that the services sector will continue to grow in these 
locations. Similarly, new Asian entrants to the satellite manufacturing and launch 
services markets— particularly China and India— signal that other nations will 
increasingly compete with the United States in space technology and hardware. 

Moreover, as American export restrictions increasingly encourage other nations to 
collaborate in order to achieve their space goals outside the framework created by the 
United States, it is reasonable to assume that the United States will continue to lose 
market share and related technological advantage. Given these realities, the ultimate 
solution for the United States to achieve its spacepower objectives may lie in some 
combination of U.S. military investments in cutting-edge technologies coordinated with 
incentives that more fully align the commercial space industry with strategic spacepower 
goals or a return to the public-private partnerships that established the industry. 

The commercial industry is a critical part of national spacepower. It provides capabilities 
not only commercially as a major part of the global economy but also for government 
use. Market forces and the business environment often drive the industrial landscape, but 




incentives and impediments from the government also provide significant influence. As 
such, when a nation is developing its spacepower, it must realize that its policies can 
affect the commercial industry with positive and negative results regarding national 
interests and the future of the space industry. 
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Chapter 7 : 

Merchant and Guardian Challenges in the Exercise of Spacepower 

Scott Pace 



Over 20 years ago in a speech at Moscow State University, President Ronald Reagan 
noted the implications of space-based information technologies: "Linked by a network of 
satellites and fiber-optic cables, one individual with a desktop computer and a telephone 
commands resources unavailable to the largest governments just a few years ago. . . . 

Like a chrysalis, we're emerging from the economy of the Industrial Revolution." 2 

The linkages between space, information technologies, and the global economy have 
accelerated and become even more profound with the widespread use of global 
positioning system (GPS) technologies and remote sensing imagery and the deeper 
integration of satellites with terrestrial communications networks. Traveling toward the 
Earth from deep space, one encounters whole fleets of satellites in geosynchronous and 
polar orbits that feed and transfer information to their commercial, military, and scientific 
users. Even a few educational and hobbyist payloads are in orbit or hosted on other 
spacecraft. 

Given the scope and diversity of these space systems, it is impossible to imagine the 
modem global economy— not to mention modem U.S. military forces— functioning 
without them. This dependency in turn has led to concerns about potential attacks against 
space systems. While media and academic debates focus on the prospect of weapons in 
space— in particular, the offensive application of force from space— in actuality, existing 
or even prospective military capabilities are nonexistent. 3 Instead, the United States has 
focused on improving space situational awareness, defensive counterspace (that is, 
protecting friendly space capabilities from enemy attack or interference), and repairing 
military space programs that have encountered cost, schedule, and technical difficulties. 

Spacepower has been a difficult concept to define even with a half-century of global 
experience with space flight and operations. Although the topic has been raised in 
professional military circles for decades, space-based forces lack widely accepted 
military doctrine, which is not the case for land, sea, and air forces. Part of the challenge 
is that space systems do not directly represent "hard" or traditional military capabilities. 
Rather, space systems enable these capabilities. Space systems tend to represent or imply 
other capabilities that may have great political significance (for example, the Soviet 
demonstration of its intercontinental ballistic missile [ICBM] capabilities with the launch 
of Sputnik and the U.S. demonstration of precision strike using GPS in the first Gulf 
War). These capabilities take time to comprehend and understand. Even purely civilian 
space activities, such as the Apollo missions to the Moon or the creation of the 
International Space Station, can be forms of spacepower. They shape and influence 
international perceptions of the United States, even though they have no direct relation to 




U.S. military capabilities. Finally, the ability to design, develop, and deploy space 
systems is also a form of economic power. Not only can U.S. entities create the hardware 
and integrate the systems, they also have the business management skills needed to raise 
funding in open markets across international boundaries. 

The use of space today reflects the full range of national and international interests, and 
its use tomorrow likely will reflect those same interests. If humanity succeeds in 
expanding civilization beyond Earth, what will be the values and the national and 
international interests that shape the expansion? Spacepower is not the same as, and need 
not imply, space-based weapons (which do not exist). Nor can spacepower be considered 
a purely symbolic concept given the criticality of space to military and economic 
systems. As will be argued, spacepower will be shaped and defined by national security 
and commercial objectives, and more generally by the competing and cooperating 
interests of the public and private sectors. 

What is Spacepower? 

In an analogy to airpower and seapower, the term spacepower would seem to imply the 
employment of military forces operating in a distinct medium (the space environment) to 
achieve some national goal or military objective. A decade ago, U.S. Air Force doctrine 
defined spacepower as the "capability to exploit space forces to support national security 
strategy and achieve national security objectives." 4 It also defined air and space power as 
"the synergistic application of air, space, and information systems to project global 
strategic military power." These definitions were criticized as incomplete, as they did not 
capture important realities of existing and potential military space activities. 5 

First, there was the implied assumption that the identification of military space forces 
alone provides the necessary and sufficient conditions for understanding the strategic 
power of the Nation with respect to space. Yet the reality of modern space activity is that 
civil and commercial systems also play an important role in the Nation's space 
capabilities and affect their ability to achieve national security objectives. Partnerships 
between military, civil, and commercial communities are vital to the successful execution 
of national and military security strategies (for example, communications, environmental 
monitoring, and logistics). Thus, spacepower should be understood as more than military 
forces. As General Hap Arnold said of airpower: "Airpower is the total aviation 
activity— civilian and military, commercial and private, potential as well as existing." 6 
The same thought can and should be applied to a complete definition of spacepower. 

Second, the definitions implied that spacepower was focused on "global" and "strategic" 
concerns alone. This is understandable, as national security space capabilities (including 
military and intelligence uses) have historically been thought of as enabling strategic 
functions for nuclear operations and national-level intelligence collection, for example. 
This is, however, an overly narrow view that became outmoded by the first Gulf War. 
Through the 1990s, space capabilities were becoming increasingly visible and vital to 
military operations. They assisted in the execution of hostile actions but also played a 
role in peacekeeping and humanitarian relief. Consequently, space forces were 




recognized as more than a tool for achieving strategic global objectives, as was the case 
during the Cold War. They became an integral part of how U.S. forces operated across 
the spectrum. 

Third, the definitions gave the impression of being taken at one point in time— that is, at 
the instant during which power is being projected in support of a national objective. 
Power can be thought of as the ability to not only employ forces but also to shape the 
battlespace before the initiation of conflict. As with other forms of national power, both 
absolute and relative capabilities are important: what are my forces capable of doing, and 
how do they compare with those of potential adversaries? Since space-power is more 
than military forces alone, it should be understood as something that can evolve. The 
ability to shape the actions of others may be as significant as what can be accomplished 
unilaterally. 7 

As with any evolving military field, one can expect intense debates over doctrine. Like 
the emergence of airpower and seapower, spacepower is both similar to and different than 
other forms of military and national power. As the following examples illustrate, 
spacepower has many different facets depending on one's perspective and objectives. 
From the viewpoint of the tactical commander, spacepower represents capabilities that 
can help put "bombs on target." To the regional commander, spacepower represents 
capabilities that shape the entire battlespace, including the provision of logistical support 
and the use of joint and combined arms. The regional commander's view is broader than 
the lower level commander's view. 8 From the viewpoint of the President and Congress, 
the battlespace is only one of several areas of concern. Domestic political support, 
relations with allies and coalition partners, and economic conditions also must be 
considered. Spacepower, therefore, is connected to other forms of national power, 
including economic strength, scientific capabilities, and international leadership. National 
leaders may use military spacepower to achieve nonmilitary objectives or exploit 
nonmilitary capabilities to enhance military spacepower. 

An assessment of spacepower should include all of the Nation's space capabilities, at all 
levels and timeframes, even in peacetime before conflict begins. In this regard, 
spacepower would be more properly defined as the pursuit of national objectives through 
the medium of space and the use of space capabilities j Although broad and general, this 
definition focuses on national objectives, the use of space as a medium distinct from land, 
air, or sea, and the use of space-based capabilities. The effective exercise of space-power 
may require, but is not limited to, the use of military forces. 

More recent Air Force definitions of spacepower have become more inclusive: 

Space power, a. The capability to exploit space forces to support national 
security strategy and achieve national security objectives (Air Force 
Doctrine Document [AFDD] 1). b. The capability to exploit civil, 
commercial, intelligence, and national security space systems and 
associated infrastructure to support national security strategy and national 
objectives from peacetime through combat operations (AFDD 1-2). c. The 




total strength of a nation's capabilities to conduct and influence activities, 
to, in, through, and from space to achieve its objectives. 10 

The first definition is a traditional, military-focused one, while the second includes use of 
nonmilitary capabilities to achieve national security objectives. The third definition refers 
to the total strength of the Nation. However, there are no definitions that refer to using 
nonmilitary capabilities to shape the environment before conflicts occur or using military 
capabilities to advance nonmilitary national objectives. This chapter focuses on the nature 
and uses of spacepower at strategic and policy levels in both military and nonmilitary 
applications. 

Schools of Thought in Space Advocacy 

Pioneering space advocates, such as Wernher von Braun, readily adopted the idea that 
government can and should fund space work. In a series of articles for Collier's magazine 
in the 1950s, von Braun sketched out his vision for space development. First came 
orbiting satellites, followed by manned reusable vehicles, then a space station, bases on 
the Moon, and finally an expedition to Mars. The color drawings were vivid and realistic, 
and the magazine was inundated with inquiries on how one could become an astronaut. 
The "von Braun paradigm" of space development— represented by the step-by-step 
creation of reusable shuttles, space stations, lunar bases, and Mars expeditions — seemed 
so logical and direct that it continues to hold sway years later. 11 Over the past few 
decades, reports recommending future space activities have repeatedly endorsed these 
same basic elements, building progressively more complex capabilities on the basis of 
government-funded research. 

Disappointment with the ending of the first lunar explorations and reduction in National 
Aeronautics and Space Administration (NASA) spending in the 1970s led space 
advocates to form educational and advocacy organizations, including the National Space 
Institute and the L5 Society. The latter was particularly interesting in that it did not 
advocate a variation of the von Braun paradigm but rather envisioned creating large 
settlements in free space, mining the Moon and asteroids for resources, and constructing 
solar-power satellites to beam energy back to Earth. In reaction in part to the "Limits to 
Growth" arguments, which predicted a looming disaster due to overpopulation, 
accelerated industrialization, malnutrition, dwindling resources, and a deteriorating 
environment, these advocates saw space as a means to adventure and a solution to 
environmental and natural resource problems on Earth. 12 American space advocates 
typically shared the view that human expansion into space was both desirable and 
inevitable. This new form of manifest destiny was consistent with U.S. history. The 
frontier always has been viewed as a utopian wilderness, ripe for satisfying various 
philosophical and emotional needs, while at the same time being subject to extensive 
military and economic government interventions to meet those needs. 11 Examples of 
government interventions on the frontier include land grants, support for education and 
transcontinental railways, and the use of the Army to protect settlers and traders. 14 In 
contrast to the westward expansion across North America between 1800 and 1890, 
however, much more substantial technical, economic, and political constraints exist that 




hinder space development. These constraints quite literally create higher barriers to entry. 
This has prompted some advocates to support greater government spending, while others 
have looked to private enterprise to "open the frontier." 

In the 1980s, President Ronald Reagan called for a Strategic Defense Initiative to use 
space weapons to defend the Nation from ballistic missile attacks. Multiple groups 
formed educational organizations, such as High Frontier, to support space development 
as part of a stronger national defense. In a variation on the von Braun paradigm, 
advocates supported the creation of massive launch systems and a space infrastructure to 
support a global defense network. With this infrastructure in place, other space activities, 
such as mining the Moon or sending probes farther into the solar system, would become 
easier and more affordable. 

A common thread running through the various "post- Apollo" visions was the need for a 
revolutionary effort, like Apollo, to meet some overarching goal. In some cases, the 
motivation was to solve an energy crisis; in others, it was to defeat a military threat. The 
L5 Society thought that space could be colonized by a large number of people who could 
create whole new societies and earn their way through exports of energy back to Earth. 
But even they saw the need for government involvement and leadership to start the 
process. While the details may vary, the fundamental rationale for a national-level space 
effort has remained unchanged. The Nation pursues space as a way to secure scientific 
knowledge, security, international cooperation, and other benefits to humanity. 

Meanwhile, new commercial space capabilities grew independently of the government, 
and now commercial investment exceeds government spending (civil and military) on 
space. 15 Rather than a government-driven, revolutionary development, the growth of 
space commerce has been largely a market-driven, evolutionary one. Given the cost of 
access to space, it is not surprising that the primary "cargo" now being transported 
between Earth and space is massless photons carrying bits of data. But these bits are part 
of a larger global information infrastructure that has created a new "skin" for the planet. 
Some of this skin is buried under the sea and underground in cables; some of it is 
composed of microwave relays and cellular phone networks; and some of it is in orbit, 
consisting of communications, GPS, and remote sensing satellites. Some of these 
satellites are purely commercial, while others are government-owned but used by private 
companies for commercial applications. The term dual-use in space systems, therefore, 
encompasses both "civil-military" and "public-private" applications. 

The growth of commercial space capabilities calls attention to the interplay between 
public and private interests in dual-use space technologies, which include launch 
services, communications, navigation, and remote sensing. These technologies have great 
potential to shape which national capabilities actually occur and whether American 
interests are advanced or harmed as they are adopted in global markets. In contrast to 
when the von Braun paradigm was created, the size and scope of commercial space 
activity are immense. Events such as SpaceShipOne's 2004 suborbital flight and Bigelow 
Aerospace's 2006 demonstration of an inflatable structure in space, and private financing 
of new launch vehicles, such as SpaceX's Falcon, indicate the increasing sophistication of 




space entrepreneurs. The combination of well-established industries and dynamic new 
entrants is creating opportunities for governments as well. The Defense Department 
hopes to use the Falcon launch vehicle for small payloads, and NASA hopes to buy 
commercial launch services to support the International Space Station after the 
administration retires the space shuttle in 2010. Public interest in space tourism was not 
created by government policy; private citizens have expressed a desire to travel to space 
and have spent millions of dollars of their own money for the privilege. This interest 
could some day evolve into a viable market that will attract entrepreneurs, who in turn 
may create capabilities that governments can use without having to pay for their 
development. 

Single government projects by themselves may be vital, but they are not always 
interesting or indicative of future challenges. Many commercial activities rely on 
government policies and actions, but they are independent of government command or 
direct control. Markets, funding, and even technologies are almost completely 
international. Government spending, while still dominant in many space markets, is not 
as important or even as attractive as it once was. As a consequence, it is insufficient to 
focus only on government space programs and budgets. Space analysts and policymakers 
need to address the more subtle relations between government actions and private 
markets. New schools of thought are needed that recognize a greater role for the private 
sector in creating and sustaining capabilities relevant to the Nation's spacepower. 

Two Cultures: Merchants and Guardians 

The scope and size of public-private interactions in space have implications for space 
doctrine, advocacy, and policy. Some of these interactions arise from debates over the 
choice of mechanisms, markets, or governments for accomplishing some objective. 16 For 
example, to what extent should the government rely on commercial space services, such 
as communications satellites or expendable launch vehicles? To what extent should the 
government provide space-based navigation and environmental monitoring services, 
which have commercial applications? Other interactions concern the competitiveness of 
commercial capabilities and how their viability affects choices by foreign governments. 
For example, can the proliferation of ballistic missile technologies be discouraged by the 
availability of low-cost launch services? What restrictions should be applied to private 
remote sensing activities if a country objects to having its territory imaged? Finally, some 
interactions affect common needs, such as international security, global trade, and even 
the radio spectrum. Does the widespread availability of Earth remote sensing data 
enhance regional stability? What restrictions, if any, should apply to sales of launch 
services from nonmarket economies? How should the use of the radio spectrum by public 
safety and national security organizations be protected from commercial interests and 
vice versa? 

Public policy choices, whether those of the U.S. Government, foreign governments, or 
the international community in general, are subject to many distinct influences. Perhaps 
the most pervasive influences, however, are the underlying assumptions the public and 
private sectors bring to these choices. These assumptions constitute what has been termed 




as two cultures, those of the Guardians and those of the Merchants . X1 The term Guardians 
comes from Plato's The Republic. It includes members of the political class who are 
responsible for governing and teaching. In space policy, one finds many examples of 
Guardians, good and bad, among career civil servants, military officers, political 
appointees, congressional staff, journalists, academics, and even the occasional corporate 
officer and professional politician. The term Merchants refers to the group of people 
whose culture encourages energy and risk-taking. Although examples are mostly found in 
business and to a lesser extent in international science, they sometimes are represented in 
government, the military, and academia. 

Merchant behavior is found in peaceful competition; contracts and the ability to work 
with strangers are accepted as normal parts of commerce. People divided by language, 
ethnicity, and distance will come together in a marketplace, if nowhere else, to trade. 
Relationships need not be permanent, outside of family, but rather flexible and transitory 
as necessary to make mutually beneficial deals. This flexibility creates opportunities for 
social movement, the absorption of immigrants, and invention. The motto "city air is free 
air" arose in the Middle Ages. It recognized a society free from the restrictions imposed 
by nobility and the church. 

The role of Guardians is to protect some larger goal or system, such as society, the 
government, or a political philosophy. As a consequence of their public functions, 
Guardians are expected to be loyal, obedient, and disciplined. To avoid corruption and 
treason, they are enjoined from engaging in trade. To ensure that political decisions are 
carried out, they must respect hierarchy and the decisions made by recognized authorities. 
These are not necessarily modern or Western concepts. The samurai of feudal Japan were 
forbidden to engage in trade, just as tradesmen were forbidden to own weapons. One of 
the main features of a functioning government is an effective monopoly on the exercise 
of force. This monopoly enables Guardians to carry out other state functions. They can 
impose and collect taxes, establish rules and regulations, and negotiate agreements with 
other states. 

The roles of Guardians and Merchants are in tension, but intimately linked. For the 
"invisible hand" of Adam Smith's market economy to function, a predictable, supportive 
environment must exist to create wealth. The creation and maintenance of such an 
environment requires the use of government power as the hidden (or sometimes overt) 
fist to enable the rule of law. Ideally, the need for actual force is minimized when the 
consent of the governed is secured via a democratic process. Whether by diplomats or 
soldiers, it is government power that establishes justice and provides for the common 
defense. Even the staunchest advocates of limited government recognize the need for 
preventing cases of force (by protecting against criminal violence or military aggression) 
and fraud (through enforcement of contracts). Thus, the key characteristics of the West- 
democracy, a liberal, pluralistic civil society, and capitalism— are shaped by the 
competition and cooperation of Merchant and Guardian cultures. 

While both Guardians and Merchants may be necessary to society, they can create serious 
problems when they either fail to do their duty or seek to take on the role of the other. In 




space policy, these problems arise when the government conducts space transportation 
and communications or other commercial-like activities. Similarly, conflicts occur when 
the government does not carry out its duties and inhibits industry. Failing to uphold 
regulations or respond to complaints of unfair competition from foreign governments is a 
good example. Conversely, Merchants should not be made responsible for Guardian 
functions. For space activities, these can mean the enforcement of export controls, the 
negotiation of international spectrum allocations, or even the conduct of crucial military 
functions (for example, missile warnings). This is not to say Merchants cannot be 
patriotic or reliable, but their functions require the public service traits of a Guardian 
culture. 

It has been said that the environments of business and government are alike in all the 
unimportant ways. Civil servants and businesspeople may use the same telephones and 
office software, occupy similar offices and parking spaces, read the same newspapers, 
and even attend the same churches. But their daily work and worldviews are likely alien 
to each other. Businesspeople in foreign countries are likely to speak a common cultural 
language, just as civil servants and soldiers find common touchstones with their foreign 
counterparts. Conversations across these separate cultures can avoid mutual 
incomprehension if they first recognize that they possess distinct worldviews and 
personalities. 

"Merchants and Guardians" in the 21 st Century 

In the 10 years since the original presentation of the "Merchants and Guardians" paper, 18 
several dramatic events have occurred, notably the 2001 attacks on New York and 
Washington and the global war on terrorism, the 2003 loss of the space shuttle Columbia, 
and President Bush's 2004 speech on the "Vision for Space Exploration." Over the same 
period, conditions in the commercial space industry have evolved greatly. Space-based 
information systems have continued to grow, with direct TV, direct audio broadcasting, 
and ancillary terrestrial components to mobile satellite services (MSS) filling in for the 
collapse of overly optimistic MSS expectations. After emerging from bankruptcy, Iridium 
and Globalstar are today serving customers worldwide. A new generation of better 
financed entrepreneurs is developing suborbital and orbital launch vehicles and Soyuz- 
based tourist flights to the International Space Station. The provision of these services has 
become a familiar, if not routine, occurrence. The prospects of space tourism are being 
taken more seriously, and as a result, commercial space ventures are starting to progress 
beyond the movement of photons (information) and into the movement of actual mass, 
including people. 

The most significant event for the civil space sector was the loss on reentry of Columbia 
on February 1, 2003. As in the case of the Challenger accident, the tragic loss of the crew 
and one-fourth of the Nation's shuttle fleet led to a deep reexamination of why the United 
States was risking human lives in space. In the aftermath of Challenger, President 
Reagan directed NASA to use the space shuttle only to launch those satellites that could 
not use commercial launch services. Human lives would not be risked to perform tasks 
that could be done just as effectively by unmanned rockets. This action also eliminated 




the shuttle as a source of government competition to commercial suppliers and helped to 
jump-start a viable commercial launch industry. 

In the aftermath of the tragedy, the Columbia Accident Investigation Board (CAIB) 
criticized NASA not only for the technical failures leading to the accident, but also for a 
lack of national focus and rationale for risking human life. In its report, the CAIB 
observed that there had been a "lack, over the past three decades, of any national mandate 
providing NASA a compelling mission requiring human presence in space." 19 So while 
the Challenger accident resulted in a decision forbidding the risking of human life for 
certain purposes, the Columbia accident raised the question: for what purposes was 
human life worth risking? These questions sparked internal White House discussions 
during the fall of 2003, which were expanded to include NASA and other agencies. 20 The 
answer was provided in President Bush's January 14, 2004, announcement at NASA 
headquarters of a new "Vision for Space Exploration." With the completion of the 
International Space Station, the shuttle program would end in 2010, and a new generation 
of spacecraft would conduct a "sustained and affordable human and robotic program to 
explore the solar system and beyond." 21 If human lives were to be placed at risk, the 
potential gain would be commensurate and require explorations beyond low Earth orbit. 

Congress later endorsed the objectives of the President's speech in the passage of the 
2005 NASA Authorization. After a prolonged start-up phase in 2004, as NASA 
considered a range of technologies and options to fulfill the direction of the President and 
Congress, work accelerated with the arrival of Michael Griffin as the new NASA 
administrator in April 2005. He summarized the proposition of the "Vision for Space 
Exploration" in a speech before the National Space Club on February 9, 2006: 

We assume risk in human spaceflight because leadership in this endeavor 
is a strategic imperative for the United States. . . . Our Nation needed to 
decide whether the goals and benefits of human spaceflight were 
commensurate with the costs and risks of this enterprise, and that for this 
to be true, those goals must lie beyond the simple goals achievable in low- 
Earth orbit. . . . The Agency is directed to "establish a program to develop 
a sustained human presence on the Moon, including a robust precursor 
program, to promote exploration, science, commerce, and United States 
preeminence in space, and as a stepping stone to future exploration of 
Mars and other destinations". . . . We will do these things in concert with 
other nations having similar interests and values. And, as we look forward 
to the events that will define this century and beyond, I have no doubt that 
the expansion of human presence into the solar system will be among the 
greatest of our achievements. 22 

During 2005, NASA defined its architecture for returning humans to the Moon. The 
agency designed a new generation of launch vehicles for taking humans and cargo to 
space, including a heavy-lift cargo launcher that would play a vital role in sending 
humans to Mars. In contrast to the von Braun paradigm, NASA's exploration plans build 
new capabilities gradually and incrementally to adapt to changing budget priorities. In 




essence, it is a "go-as-you-pay" philosophy. These plans also make more intentional use 
of commercial capabilities. The largest single example is the $500-million Commercial 
Orbital Transportation Services (COTS) program to help develop commercial sources of 
crew and cargo services for the International Space Station. In August 2006, NASA 
selected SpaceX and Rocketplane Kistler to develop and demonstrate their vehicles with 
partial NASA support. Under the Space Act Agreements, the work will be performed 
before a competitive award of service contracts. If successful, commercial suppliers 
could help support the International Space Station after NASA completes the shuttle 
assembly missions. They also could provide alternatives to the use of foreign launch 
systems. This would in turn free up the shuttle's planned follow-on systems, including the 
Crew Launch Vehicle (Aries) and Crew Exploration Vehicles (Orion), to support lunar 
operations. 

The "Vision for Space Exploration" is an example of the use of space-power to achieve 
national objectives. While the NASA effort is exclusively civil, the capabilities created 
have the potential to advance U.S. economic, foreign policy, and national security 
objectives. The process of creating new technologies and systems to operate routinely on 
the Moon will enable the Nation to venture farther into the solar system— exploring, 
using local resources, learning new skills, and making new discoveries. In the broadest 
sense, the "Vision for Space Exploration" is not about repeating Apollo. In the words of 
the President's science advisor, John Marburger, it seeks to "incorporate the Solar System 
in our economic sphere." 23 Thus, the civil space strategy chosen by the United States can 
be seen as an effort to advance national interests of a Guardian culture, while using the 
narrower interests of a Merchant culture. Commercial capabilities strengthen the Nation's 
space abilities; they also deepen the Nation's interest in securing and protecting any 
resulting economic benefits. 

U.S. national space policy has routinely recognized three distinct sectors of space 
activity: national security (military, intelligence), commercial, and civil (including both 
scientific research and services, such as weather forecasting). 24 The functions performed 
by each can be organized along a spectrum, depending on whether they are driven by 
governments or markets. Satellite communications occupy one end of the spectrum and 
are largely driven by commercial interests, such as numbers of customers, revenue, and 
the deployment of new technologies . At the other end are force applications that include 
space-based weapons and ballistic missile defense systems. Although they may use 
commercially derived technologies, they are driven by political-military requirements. In 
the middle are civil government functions that involve public safety. These include 
weather monitoring and navigation. These positions are not static; they can change over 
time. For example, GPS was developed to meet military requirements, but civil and 
commercial entities developed many useful applications of the technology. Space launch 
capabilities are considered to underlie all space activities and are thus a primary concern 
for all sectors. 

Government and commercial interests in space technologies, systems, and services can 
intersect. They can be categorized in three segments. First, there are those that only the 
government would require due to their associated high costs or specialized nature. 




Examples include space-qualified fission-power reactors and space-based observatories. 
Interactions are at government direction, mainly through contracts and grants. Second, 
there are segments dominated by the private sector due to the size of global markets and 
diffusion of underlying technologies . Examples of this segment include information 
technologies and biotechnologies. Governments are important for a variety of purposes 
but do not exercise control. Interactions can be more commercial-like, particularly where 
the government is another customer or partner. Third, there are gray areas, namely launch 
services, navigation, and remote sensing. The government is crucial, but not dominant. In 
these cases, the government may play the role of the research and development patron, 
anchor customer, service provider, and regulator. It is in these gray areas where the 
Merchant and Guardian cultures are more likely to clash because of evolving and 
changing roles. Such clashes can be expected to continue as human activity expands 
beyond low Earth orbit. 

In its major outlines, U.S. space policy has remained remarkably stable since the end of 
the Cold War. The 2006 National Space Policy of the Bush administration can be seen as 
a continuation of the 1996 National Space Policy of the Bill Clinton administration, 
which in turn continued many of the themes of the 1989 National Space Policy of the 
George H.W. Bush administration. Much of the media commentary after the release of 
the 2006 policy focused not so much on substance as on presentation and tonal 
differences, particularly with respect to U.S. national security interests. Foreign 
governments expressed concern with the new policy, which prompted State Department 
Under Secretary Robert Joseph to state: 

At its most basic level, U.S. space policy has not changed significantly 
from the beginning of our ventures into space. Consistent with past 
policies, the United States does not monopolize space; we do not deny 
access to space for peaceful purposes by other nations. Rather, we explore 
and use space for the benefit of the entire world. This remains a central 
principle of our policy. What the new policy reflects, however, are 
increased actions to ensure the long-term security of our space assets in 
light of new threats and as a result of our increased use of space. 25 

In addition to stressing increased U.S. reliance on space assets and clarifying what the 
new policy did not mean, Joseph tried to bring attention to items that were novel: "The 
new policy also gives prominence to several goals only touched upon in previous policy 
documents, including: strengthening the space science and technology base, developing 
space professionals, and strengthening U.S. industrial competitiveness, especially through 
use of U.S. commercial space capabilities." 

Not surprisingly, these are areas of great common interest for the public and private 
sectors and areas of friction between the Merchant and Guardian cultures. In addition, the 
2006 policy included the need to assure "reliable access to and use of radio frequency 
spectrum and orbital assignments," which is a logical corollary to ensuring access to the 
space assets themselves. One cannot run wires to satellites; therefore, spectrum access 
and protection are of crucial importance, perhaps second only to the launch itself. 




A comparison of the 1999 discussion of "Merchant and Guardian" policy conflicts with 
those seen today reveals many recurring issues. Spectrum management and the burden of 
export controls remain important, while concerns about competition from nonmarket 
economies seem to have abated— perhaps as a side effect of continuing export control 
limitations. However, there is increased interest in space tourism and related regulations, 
particularly with the 2004 flight of SpaceShipOne and the 2006 coverage of space tourist 
Anousheh Ansari. The prospect of commercial involvement in lunar operations, in 
addition to commercial supply of the International Space Station, has led to renewed 
discussions of private property rights on the Moon and other celestial bodies (to be 
discussed below). 

In recent years, the national security space sector has not experienced developments as 
outwardly dramatic as those occurring in the commercial and civil space sectors, which 
have included everything from major accidents and Presidential initiatives to mass media 
interest. However, the implications of these developments to national security space are 
just as important, if not more so, for the Nation's spacepower. The past decade has seen a 
growing concern with the ability of the Defense Department to develop and deploy space 
systems on time and on budget. Difficulties with major missile warning, communications, 
and imagery programs, just to name a few, have been widely reported in the press, 
although specific details are usually highly classified. Even relatively mature programs, 
such as GPS, have faced difficulties keeping to modernization schedules due to changing 
requirements, contractor difficulties, and gaps in system engineering expertise. So severe 
are these difficulties that the U.S. Air Force is reportedly considering "hiring outside 
engineers or consultants to oversee systems integration of its next-generation navigational 
satellites." 26 

In fact, most of the new initiatives in the 2006 National Space Policy address four areas 
now considered to be serious problems for the U.S. Government: developing a high- 
quality cadre of space professionals, improving development and procurement systems 
for space systems, enhancing interagency cooperation, and strengthening the space 
science, technology, and industrial base. 27 Thus, while international media coverage 
painted the United States as taking a more aggressive military posture in space, the 
substance of the policy reflected problems in military acquisition programs that in turn 
stem from deficiencies in government management and contractor capabilities. It is not 
so much a question of which military capabilities the United States wants to deploy in 
space, but rather which capabilities it can employ, and whether they are commensurate 
with the threats and critical dependencies faced by the United States. Rather than the 
deployment of space-based weapons, as was contemplated during the Cold War, the 
immediate concerns of the military space sector are more basic. Can the military deliver 
space-derived services to deployed forces? Can it improve space situational awareness? 
And can the military get acquisition programs under control? 

The organizational challenges for U.S. military spacepower are formidable and too 
extensive to be treated in this chapter. However, as with all other parts of the national 
security community, the attacks of September 11 and the conflicts in Afghanistan and 




Iraq have affected U.S. spacepower in three important areas: capabilities, objectives, and 
relations with allies and partners. 

First, space capabilities have been and will continue to be crucial to almost all types of 
military operations, in all regions, and at all levels of conflict. That said, fiscal and 
technological limitations make it impossible to create space capabilities ideally suited to 
all conflicts in all regions, and choices must be made in what to buy and field. This in 
turn requires choosing among different U.S. military strategy objectives and the 
consequent force infrastructure to implement that strategy. Prosecuting a conventional 
conflict against one or more states, up to and including a peer competitor, 28 is very 
different than fighting nonstate actors, rebuilding failed states, and carrying out 
operations other than war. Uncertainties over strategy objectives create tensions between 
funding development and operations, between competing technologies, and between 
which armed services, contractors, and parts of the industrial base should receive 
resources and attention. It would be easier if the United States could afford two different 
but interoperable force structures. However, it cannot, and space systems are caught in 
the debate over objectives. 

Second, unrelated to the September 1 1 attacks, the U.S. defense industrial base has 
experienced a dramatic consolidation since the end of the Cold War. On one hand, U.S. 
defense spending is very large— by some estimates almost half of global total spending. 29 
On the other, l ik e all U.S. industries, defense and space firms have been affected by 
globalization. New international competitors, increased competition for talent, and 
concern over market access have become issues. The size and sophistication of U.S. 
military capabilities, in particular the use of space systems, has made it difficult for all 
but a few countries (such as the United Kingdom, Australia, and North Atlantic Treaty 
Organization members) to operate easily with U.S. forces. The problems of the U.S. 
space industrial base cannot be solved by going outside the United States, even if the 
country wanted to. Comparable sources for the capabilities that the United States needs 
simply do not exist. 

Third, given the divergent but overlapping interests of Merchant and Guardian cultures 
engaged in space activity, uncertainty over national security objectives, and challenges to 
the creation of military space capabilities, it is increasingly important that the United 
States find partners to help shape the global environment before conflict occurs. Potential 
partners include public and private actors, international civil agencies, and foreign 
militaries. Shaping the environment means creating mutually beneficial relationships to 
reduce unintentional as well as intentional threats to crucial space dependencies. 
Examples include international protection of the space spectrum from interference, 
effective international enforcement of missile proliferation controls, promotion of 
common protocols to enhance interoperability of space-based communications, remote 
sensing and navigation services, and rules for international trade in space-related goods 
and services. While these steps may benefit foreign countries and companies, they would 
be even more beneficial to the United States given the country's reliance on space for 
economic stability and security. 




One of the newer and perhaps more difficult areas of conflict between Merchants and 
Guardians will be that of protecting commercial space infrastructure. As the U.S. military 
and economy rely more heavily on space, it is natural to worry about potential threats to 
the infrastructure, just as one might worry about critical ground-based infrastructure. Yet 
what can or should be done to protect those assets? Should they be hardened or made 
redundant? Should they carry sensors to warn of attack? Should the protected entity pay 
for the protection, or should the U.S. Government provide the enhanced security as a 
public good and cover the costs with tax money? What about internationally financed 
space infrastructure, which is practically everything commercial in orbit? It is easy to 
imagine the commercial sector resisting what it would perceive as new regulatory 
burdens or an "unfunded mandate." Likewise, it is easy to imagine the Defense 
Department's reluctance to absorb new costs when existing programs face difficulties. 

Yet the result for failing to protect these assets may be increased vulnerability of the 
United States and a threat to its ability to exercise spacepower. 

To summarize, events over the past several years have accelerated and intensified trends 
observed in the 1990s. They have shaped public and private sector interactions in space. 
As a result, leading challenges to the Merchant and Guardian relationship now include: 

• globalization and the characteristics of a "Flat World." This means that 
technology, capital, and talent move ever more freely and can create competitors 
to government programs. 30 This is true even in the space world, with American 
tourists flying on Russian rockets, with small satellites being built from Surrey to 
Bangalore, and with European-Chinese collaborations to build constellations of 
navigation-satellite systems. 

• increased government dependence on commercial space capabilities. This has 
created new concerns, in addition to traditional government resistance to the loss 
of control over independent commercial space markets. 

• a recognizable loss of government "intellectual property" necessary to develop, 
oversee, and manage complex space systems. NASA is somewhat better 
positioned than the Air Force due to the talent of its field-center personnel. But 
NASA's workforce is getting older, and the agency has limited ability to hire. For 
Apollo, NASA was able to import skilled systems engineers from the Air Force's 
ICBM programs. That, however, is not an option today. NASA is trying to rebuild 
its internal systems engineering skills, and the Defense Department is proposing 
to create a new cadre of technical "space professionals." 

• a competitive environment and limited resources. Today, execution is the 
paramount policy issue. So to whom does spacepower flow? More than likely, it 
will be to those who can deliver capabilities necessary to meet threats or exploit 
opportunities— whether they are military, economic, scientific, or political. 

The Guardians within the U.S. space community are facing great difficulties, but the 
Merchants also are vulnerable. Weakness in security can be destabilizing because it 
invites opportunistic attacks and changes the deterrence calculations of adversaries. 
Weakness in commerce can cause commercial losses as well as longer term damage, 
especially if weak Guardians allow market distortions to persist because they fail to 




enforce international trade rules, spectrum regulations, intellectual property protections, 
and even export controls. In short, globalization is creating greater interdependency 
between the public and private sectors, not less. 

Space Exploration and Spacepower 

In spite of uncertainties and challenges in the national security sector, the Nation's 
interest in pursuing military spacepower is unquestioned. Similarly, the demands of a 
competitive global economy underscore the national interest in maintaining space-based 
information systems— most of which are dual use in nature (such as GPS, remote 
sensing, and communications). Separate from the military and commercial needs are the 
scientific ones. Although science and exploration are not required to ensure spacepower, 
the pursuit of knowledge can be seen as a discretionary activity that great nations 
undertake to help define their society, enhance their international prestige, and create new 
technologies to benefit people worldwide. What, then, is the enduring role of science and 
exploration in the spacepower of the Nation? 

The Cold War and competition with the Soviet Union for technological preeminence 
drove the Apollo, Gemini, and Mercury programs. Despite the desires of space advocates 
for the robust industrialization and settlement of space, the United States had not made 
their aspirations a compelling national interest. Even though the military and commercial 
sectors benefit enormously from space, it is not impossible to imagine a nation retreating 
from human spaceflight once it achieved the capability. That was not the case for the 
former Soviet Union. Even during the most extreme economic turmoil following the fall 
of communism, Russia did not abandon human spaceflight. In fact, it strived to maintain 
its program through every possible means. The U.S. "Vision for Space Exploration" is 
neither Apollo redux nor a commercial venture, and debates among space advocates 
continue over its purpose and meaning. It is therefore instructive to understand differing 
perceptions of the rationale for U.S. space exploration plans. 

Only tiny minorities of those engaged in space-related policy debates oppose 
government-funded space activities. Those who do are more concerned with particular 
uses and technologies, namely nuclear power, space-based weapons, and ballistic missile 
defenses. In fact, apathy and taking space capabilities for granted are arguably greater 
problems than direct opposition. At the risk of oversimplification, if not caricature, at 
least five different schools of thought have evolved from discussions about the priorities 
of human exploration of the Moon, Mars, and beyond, and how the Nation should carry 
out the program. 

Baseline 

The first school is that NASA itself is simply responding to the 2004 direction of 
President Bush and the 2005 NASA Authorization Act. The United States is fulfilling its 
commitments to its partners under the International Space Station agreements, ending the 
space shuttle program in 2010 once NASA completes assembling the space station, 
building a new generation of launch vehicles to ferry crew and cargo to space after the 




shuttle retires, establishing an outpost on the Moon, and laying the foundations for human 
expeditions to Mars— all while maintaining a diverse program of scientific research. 
Given limited budgets, the program is a "go-as-you-pay" effort, and programmatic 
priorities follow the policy priorities defined by the President and Congress. Given those 
same limited resources, NASA is open to international cooperation and commercial 
partnerships in all areas— with the exception of core launch and 

communications/navigation capabilities that are so strategic as to require avoiding foreign 
dependency. 

Technology First 

The second school argues that the United States does not have the technology to return to 
the Moon and travel to Mars, at least in a way that will be sustainable and affordable. 
Thus, the Nation should make the funding and development of new technologies the first 
priority and not commit to a specific architecture until several years from now. Arguably, 
NASA tried this approach for about a year after President Bush's speech, generating 
many interesting ideas and concepts. But the lack of tangible momentum was 
unsatisfactory to the White House and Congress. Upon confirmation in 2005, the new 
NASA administrator initiated a 90-day Exploration Systems Architecture Study precisely 
to help define a specific architecture for implementing human missions to the Moon. 
Funds were shifted from technology development to pay for new launch vehicles that 
were based on shuttle components and workforce skills. 

Science First 

This school argues that supporting peer-reviewed science should be the highest priority of 
NASA and that by implication, exploration efforts are little more than government- 
funded "tourism." Peer review is seen as providing the most objective assurance of 
quality; consequently, civil space activities not subject to peer review are seen, almost by 
definition, as less worthy. More practically, supporters of this school will say they are not 
intrinsically opposed to exploration because it may generate new opportunities for 
scientific research. However, they do not believe that funds should be shifted from 
science missions to pay for exploration. To fund the development of a new launch vehicle 
while maintaining the shuttle and space station programs, however, NASA chose to slow 
the rate of growth of science spending to 1 percent over the next several years. In 
previous budgets, the science community had planned for increases of up to 5 percent for 
a few years and then 2.4 percent per year as NASA's top line grew with inflation. This 
slower rate of growth required deferring several planned missions to keep international 
partner commitments on the space station. The resulting unhappiness with this decision 
was understandable, but it also reflected a fundamental difference in policy priorities for 
government funding. 

Commercial First 

This school is an example of Merchant culture. It argues that the government is so 
incapable of or grossly inefficient in the creation of space capabilities, especially 




compared with the private sector, that it should take an entirely different approach to 
human spaceflight. Instead of development contracts with government oversight, NASA 
should offer contracts for services, prizes, and other "pay-on-delivery" mechanisms to 
excite entrepreneurs. The rationale is that this will attract more private capital, create 
more diverse solutions, and offer a better chance of success than a government "all-eggs- 
in-one -basket" approach. NASA is seeking to test this argument in part through the 
COTS program but is hedging its bets (post-shuttle) by having multiple backups for space 
station supply (use of the Crew Launch Vehicle, Russian launchers). Advocates of this 
school have argued that the very act of having backups shows NASA is insufficiently 
committed to commercial sources and therefore is deterring investments that would 
otherwise occur. Given the policy priorities of the President and Congress, however, it is 
hard to see how NASA could do otherwise than to hedge its bets. Again, this school 
reflects a fundamental difference in policy objectives for exploration— in this case, the 
highest good is growing commercial capabilities rather than doing science. 

Regional Interests 

The fifth school is a form of the old adage, "All politics is local." The primary concern 
lies with where the government spends its money. States with NASA field centers and 
major contracts can be expected to support programs that build on existing capabilities. 
This is not necessarily a bad thing, as minimizing new developments can help control 
costs. On the other hand, it can cause political resistance, especially if NASA tries to 
move work from one center to take advantage of workforce skills and efficiencies at 
another. Therefore, debates over program priorities will be less about policy or products 
and more about process and the impact on the workforce. As with the "science first" and 
"commercial first" schools, giving priority to regional interests can result in misdirecting 
resources. It places parochial interests above national interests and national spacepower. 

These differing forms of advocacy for space exploration can obviously affect how NASA 
pursues international and commercial partnerships. While technological, regional, and 
scientific advocates can be expected to be lukewarm to government-to-government 
international cooperation in exploration, the reality of limited budgets and need for such 
cooperation would suggest that these types of advocates would not be opposed. Even so, 
the Merchant culture of commercial advocates can be expected to be skeptical of 
contributions from other governments on a nonmarket basis. For them, it is the process by 
which space capabilities are acquired, not the product, that matters. In other words, 
government competition should be opposed. This is another area of Merchant and 
Guardian conflict. It would be worthwhile for NASA to explain, multiple times if need 
be, what it sees as a proper role of government in space exploration. Examples could 
include being a patron of science and other activities, being a reliable customer of 
commercially available goods and services, and being a fair and transparent regulator to 
ensure national security and public safety. 

Given the competing views, even among space exploration advocates, what does this say 
about the sustainability of an exploration enterprise that requires several decades? Again 
at the risk of caricature, advocates of long-term, civil space exploration tend to fall into 




different camps based on their underlying values. The traditional von Braun paradigm 
represents a Guardian approach. It sees space exploration as a government activity that 
adds indirectly to the spacepower of the Nation via new technologies, dual-use 
capabilities, and increased international influence. There are established government and 
private-sector interest groups that promote funding for technologies, systems, and 
partnerships with near-term benefits, especially scientific ones. 

Astronomer and author Carl Sagan was an advocate of robotic exploration of the solar 
system and the search for extraterrestrial intelligence. He also was an advocate of human 
spaceflight for one fundamental reason: 

every surviving civilization is obliged to become spacefaring— not 
because of exploratory or romantic zeal, but for the most practical reason 
imaginable: staying alive. . . . The more of us beyond the Earth, the greater 
the diversity of worlds we inhabit . . . then the safer the human species will 
be . 31 

While initially skeptical of the scientific value of human spaceflight, Sagan became an 
advocate for noncommercial and nonmilitary reasons. The use of robots to obtain 
scientific knowledge was well and good, but humanity itself had a transcendent value, 
and human spaceflight could contribute to its survival. This Sagan paradigm is very much 
a Guardian approach, but one that does not yet have an established base in or outside of 
government, as the potential benefits are beyond the planning horizons of governments, 
not to mention industry. 

Gerard O'Neill was a physicist and author who became an advocate of space colonies, not 
necessarily on the Moon or Mars, but in free space. He proposed using space resources, 
via mining the Moon and asteroids, to construct large space habitats and solar-powered 
satellites to beam energy back to Earth . 32 Space development, rather than space 
exploration, was the focus. It was to be carried out by private companies and quasi- 
government corporations. In addition to the practical benefits of tapping space resources 
and energy, the O'Neill paradigm envisioned opportunities in the image of the American 
frontier. The images of self-sustaining human space settlements appeal to both Merchant 
and Guardian cultures and with plausible, nearer term steps. Beyond just survival, the 
O'Neill image offered a way to advance American (or Western, to be more general) 
values beyond Earth. Unfortunately, the economics of the O'Neill scenario are not 
realizable with current space capabilities. Even so, the attraction of this encompassing 
paradigm is as powerful today among space advocates as the one advocated by von 
Braun. 

The point of reviewing the varying visions of space exploration and development is to 
observe that each represents decades-long efforts. They are adaptable and could persist 
even in the face of temporary political or fiscal setbacks. Like the "Vision for Space 
Exploration," they represent directions and purposes to which many different types of 
space activity could make contributions. 




The space capabilities implied by successful space settlements, particularly those in 
which the United States is a leader, also represent a gigantic increase in the Nation's 
spacepower. Unfortunately, it is not clear that such capabilities are realizable, although 
many advocates believe they are. Two important questions are: can humans "live off the 
land" in space and function independently of Earth for long periods, and are there 
economically useful activities in space that can sustain human communities there? 

If the answer to both questions is yes, then the long-term future in space includes human 
space settlements. If the answer to both is no, then space remains a place that one might 
visit briefly for science or tourism, much like going to Mount Everest or other remote 
locations. If the answer is that one can, in part, live off the land or at least be reliably 
supplied, then one can imagine space as akin to Antarctica— a place for science, tourism, 
and habitation by government employees and contractors. Finally, if one cannot live off 
the land, but the tasks to be performed are economically attractive, then one can imagine 
habitats like the North Sea oil platforms. These locations may be privately owned and 
operated, but they cannot really be called settlements (see table 7-1). 

Table 7-1. Viability of Space Settlement 





Can live off land/be supplied 


Cannot live off land 


Nothing commerically useful 


Antarctica 


Mount Everest 


Commercially sustainable 


Settlements 


North Sea oil platform 



These outcomes do not preclude other motivations, such as protection of Earth from 
hazardous asteroids or the protection of U.S. and allied space infrastructure from hostile 
attacks. The point is, we do not know which of these outcomes represents our long-term 
future. Advocates and skeptics may believe one outcome or another is most likely, but no 
one actually knows. Determining the future of humans in space would be a watershed 
event not only for spacepower, but also for the United States and humanity. Just as space 
science can be organized around great questions (How did the solar system form? Is there 
life elsewhere in the universe?), so might human spaceflight be organized to answer 
similarly great questions. One of the purposes of human spaceflight is to explore the 
unknown and see what humans are capable of doing, where they are capable of going, 
and what communities they can sustain. Taking risks to get that knowledge would seem 
to be a worthwhile activity for nations that are technically sophisticated and wealthy 
enough to do so. 

Policy Challenges for the Second Space Age 

The period from the launch of Sputnik to the last Apollo mission can be considered the 
first space age— driven by Cold War competition across civil and military sectors. It is 
unclear when the second space age might begin; some say it started with the launch of the 
space shuttle, and others say it will start with the end of shuttle flights in 2010. More 
commercial and international involvement, as well as deep cooperation and conflict 



across public and private sectors, will characterize the second space age and the role of 
Merchant and Guardian cultures. 

With stable national space policies, many old debates have long remained settled. Save 
for historians, it is difficult to recall the intense debates over military versus civilian 
leadership in human spaceflight in the 1960s or the U.S. Government's resistance to 
commercial space innovations in the 1980s. New debates over spacepower in the second 
space age will reflect both the growing strength of the Merchants and the worrying 
weaknesses of the Guardians. As discussed earlier, government space programs are 
increasingly facing difficulties in delivering capabilities on time and on budget. Limited 
fiscal resources and concerns over lack of management skills have stoked interest in 
outsourcing and privatizing government space functions (for example, launch 
communications, remote sensing, and navigation). Whether it makes sense to change 
responsibilities for some or any of these functions will make for much debate. 

The civil space sector, notably NASA, also sees potential advantages in relying more on 
the private sector for launch services and other operational capabilities. At the same time, 
the private sector is looking to open new markets, particularly in the area of space 
tourism. These markets are not directly of interest to the government, but the dual-use 
capabilities they could support are. The ongoing issue for the civil space sector likely will 
be what kinds of mutual interest there might be in human space exploration for the 
commercial, scientific, international, and perhaps the national security communities. 
Exploration can be hard to justify on commercial, military, or even purely scientific 
grounds (one will not find "exploration" among the top priorities of the decadal surveys 
done by the National Academy of Sciences), but the conduct of exploration can create 
opportunities for commercial, scientific, and even military interests. Identifying and 
acting on those mutual interests will be an ongoing part of the second space age as the 
United States establishes a lunar outpost and prepares for Mars. 

The priority for NASA when it returns to the Moon for the first time in decades will be to 
do so successfully, safely, and affordably. In moving beyond the space shuttle and low 
Earth orbit operations, NASA is effectively learning to fly again. Just as Gemini was a 
necessary forerunner to Apollo, so too is the Moon a necessary precursor to Mars. Not 
only technologies but also organizational and management skills need to be 
demonstrated. The International Space Station was, and is, a massive educational 
experience in the assembly and operation of a multinational space facility, and the 
establishment of a lunar outpost will be as well. This effort will be different from the 
space station, however. Both international and commercial partners will be involved. 

Commercial involvement in a return to the Moon has been the subject of much 
speculation, but little is definitive. 33 Proposals have been made for extracting platinum 
metals to use in commercial fuel cells as part of a global hydrogen economy, mining of 
helium-3 for fusion reactors, and the construction of solar-power beaming stations on the 
lunar surface or in free space using lunar materials. Other proposals see commercial firms 
separating oxygen from lunar rocks and providing support services to government 




facilities on the Moon, or even offering tourism and entertainment activities. Some of 
these endeavors may make commercial sense, but it is possible that none will. 

In the near term, expectations are that the U.S. Government will want to ensure that 
necessary research and technology development occurs to support a lunar outpost, that a 
robust space transportation network is created (which may or may not be government- 
owned in the long term), that accurate maps and surveys of the Moon exist (we have 
better maps of Mars today than we do of the Moon), and that reliable communications 
and navigation services are available at the Moon. In short, the government should ensure 
that basic services are present to enable scientific and commercial opportunities, but it 
will not be a governmental responsibility to do everything possible on the Moon. It 
simply will not have the resources. As a policy matter, the most difficult area for 
Merchant and Guardian cultures likely will not be how to provide any particular good or 
service, but what legal rights private parties have on and, most crucially, on the way to 
the Moon. This is not an area in which the United States can or should act unilaterally. It 
affects what values are recognized beyond the Earth, and therefore the type and character 
of spacepower available to the United States. 

Space Property Rights 

Current international law recognizes the continued ownership of objects placed in space 
by governments or private entities. Similarly, resources removed from outer space (such 
as lunar samples from the Apollo missions) can be and are subject to ownership. Other 
sorts of rights in space, such as to intellectual property and spectrum, are also recognized. 
Article II of the 1967 Outer Space Treaty, however, specifically bars national 
appropriation of the Moon or other celestial bodies by claims of sovereignty or other 
means. It also says that states shall be responsible for the activities of persons under their 
jurisdiction or control. Thus, the central issue is the ability to confer and recognize real 
property rights on land, including in situ resources found on the Moon and other celestial 
bodies. 

In common law, a sovereign is generally required to recognize private property claims. 
Thus, the Outer Space Treaty, by barring claims of sovereignty, is usually thought to bar 
private property claims. Many legal scholars in the International Institute of Space Law 
and other organizations support that view. Other scholars, however, make a distinction 
between sovereignty and property and point to civil law that recognizes property rights 
independent of sovereignty. 34 It has also been argued that while article II of the treaty 
prohibits territorial sovereignty, it does not prohibit private appropriation. The provision 
of the Outer Space Treaty requiring state parties to be responsible for the activities of 
persons under their jurisdiction or control leaves the door open to agreements or 
processes that allow them to recognize and confer property rights, even under common 
law. 

Current international space treaties are built on the assumption that all matters can and 
should trace back to states. This is in contrast to admiralty law and the growing field of 
commercial arbitration in which the interests and responsibilities of owners, not 




necessarily the state, were the legal foundation. It can be argued that the Outer Space 
Treaty was not the final word on real property rights in space even within the 
international space law community, as drafters of the 1979 Moon Treaty felt it necessary 
to be more explicit on this point. The treaty states: 

Article 11.(1) The moon and its natural resources are the common 
heritage of mankind. (2) The moon is not subject to national appropriation 
by any claim of sovereignty , by means of use or occupation, or by any 
other means. (3) Neither the surface nor the subsurface of the moon . . . 
shall become property of any State, international intergovernmental or 
nongovernmental organization, national organization or nongovernmental 
entity or of any natural person [emphasis added]. The placement of 
personnel, space vehicles, equipment, facilities , stations . . . shall not 
create a right of ownership over the surface or subsurface of the moon or 
any areas thereof. The foregoing provisions are without prejudice to the 
international regime referred to in Paragraph 5 of this Article ... (5) 

State parties to this Agreement hereby undertake to establish an 
international regime . . . to govern the exploitation of the natural resources 
of the moon as such exploitation is about to become feasible ... (7) The 
main purposes of the international regime to be established shall include: 

a) The orderly and safe development of the natural resources of the moon, 

b) the rational management of those resources, c) the expansion of 
opportunities in the use of those resources, d) an equitable sharing by all 
State parties in the benefits derived from those resources, whereby the 
interests and needs of the developing countries, as well as the efforts of 
those countries, which have contributed either directly or indirectly to the 
exploration of the moon shall be given special consideration. 15 

Article 11 was the most controversial aspect of the Moon Treaty when it was introduced. 
The Outer Space Treaty had already excluded claims of national appropriation, and this 
provision is repeated in article 1 1 , part 2. Article 1 1 goes further, however, in part 3 to 
exclude property claims of any sort, and if any benefits are derived, they are presumably 
to be shared in accordance with the "common heritage" provision of article 11, part 1. 
Even the exercise of effective control of a region, as in placing a permanent base, would 
not support a claim of ownership by any entity. There is no mention of any limitations 
that would be placed on a regime controlling nonterrestrial resources or what mechanisms 
would be considered to resolve disputes. One might argue that article 1 1 prejudges the 
design of an international regime for the orderly and safe development of the Moon in 
that a system of internationally recognized property rights could, in fact, be the more 
rational way to manage those resources, expand opportunities for their use, and equitably 
share the benefits therein derived. 

Furthermore, privacy and the right of persons to be secure in their dwellings are not rights 
supported by the Moon Treaty. Article 15 reads: 




Article 15(1). All space vehicles, equipment, facilities, stations and 
installations on the moon shall be open to other State parties. Such State 
parties shall give reasonable advance notice of a projected visit, in order 
that appropriate consultations may be held and that maximum precautions 
may be taken to assure safety and to avoid interference with normal 
operations in the facility to be visited. 16 

No limits are placed on the reach of article 15, and the right to inspect space-based 
facilities would presumably extend to individual quarters and personal effects and papers. 
If state parties owned all facilities on the Moon and all persons on the Moon were state 
employees, an inspection regime, based on reciprocity, would seem to be a simple 
requirement. If some facilities are privately owned and their occupants are private 
citizens (which the Moon Treaty does not forbid), then a broad inspection requirement 
like article 15 would necessarily supersede those privacy rights enjoyed in the United 
States and other democracies. Thus, the Moon and other celestial bodies would be 
regions where inhabitants enjoyed fewer liberties than in the United States or other 
nations on Earth. 

The 1979 Moon Treaty may not appear very relevant since the United States and almost 
all other spacefaring nations did not sign it and none has ratified it. 37 However, the view 
that real property rights are forbidden by international law is widely prevalent. This in 
turn creates uncertainty in the minds of potential private sector partners and is 
inconsistent with the goals enunciated by the President and Congress in supporting the 
"Vision for Space Exploration." At minimum, real property rights in space are legally 
ambiguous and the United States need not accept flat statements that the Outer Space 
Treaty per se forbids such rights. 

There is a wide variety of options for the establishment of a system of real property rights 
in space. These could include negotiation of a new international treaty to replace the 
Moon Treaty, extend existing international structures (such as the World Trade 
Organization), and use international arbitration mechanisms (for example, the London 
Court of International Arbitration). Alternatively, other regimes, such as the International 
Seabed Authority, could be modified to enable more predictable exploitation without 
recognizing private property rights. Or they could create a claims registry that would 
leave definition of a recognition regime to future specific cases. These options 
intentionally exclude more extreme positions, such as rejection of the Outer Space 
Treaty, or the unilateral assertion that the United States recognizes private property 
claims. Such actions would not engender international acceptance and the predictability 
required for such claims to be effective. 

Conclusion 

Spacepower encompasses all aspects of national power: military, economic, political, and 
even cultural as represented by the values that shape the Nation's space activities. The 
differing outlooks of Merchant and Guardian cultures are central aspects of today's space 
policy debates and can be expected to continue no matter what the human future in space 




turns out to be. The commercial space sector is continuing to grow and diversify. While it 
is easy to overestimate the potential of space commerce, weaknesses in the management 
and technical skills of the national security and civil space sectors are arguably a greater 
concern for the Nation's spacepower than the rate of growth of private space enterprise. 

In short, Guardian weaknesses are a more serious problem than Merchant strengths, as 
there is no substitute for Guardian responsibilities assuring national security and public 
safety. 

In the national security sector, the key challenges will be to strengthen the ability to 
implement and execute major space acquisition programs and partner with commercial 
interests to shape the international environment to the advantage of the United States and 
its allies. In the civil space sector, the key challenges will be to implement the "Vision for 
Space Exploration" in an affordable manner and create partnerships with commercial and 
international interests to ensure the long-term sustainability of human exploration beyond 
low Earth orbit. The capabilities created by the successful establishment of a lunar 
outpost and human missions to Mars will add greatly to the Nation's spacepower. 

There are many uncertainties with meeting these challenges because they require 
government agencies to work across traditional lines, partner with organizations having 
very different worldviews, and integrate policy, acquisition, and operational functions 
more thoroughly. Highly complex systems tend to create internal stovepipes that control 
the amount of information with which decisionmakers have to deal. For space systems, 
this can lead to disconnects between the acquisition and operational communities, and 
national policy objectives. Keeping these communities in sync with evolving world 
conditions is a major and daunting challenge for U.S. agencies and the entire executive 
branch. 

Human and robotic exploration of space is a decades-long effort that has no clear end, but 
there are vastly different potential outcomes for humans' long-term future in space. 
Humans could live permanently in thriving communities beyond Earth or embark on 
limited to relatively brief expeditions and not establish a permanent presence. If it is 
assumed that humans are not permanently limited to the Earth and that the future exercise 
of spacepower includes humans living and working in space, then the questions become: 
who will make these expeditions, and what values will they hold? If they are Americans, 
then it is to be hoped that there will be room for Merchant as well as Guardian cultures on 
the Moon, Mars, and beyond. 

Legal issues will become increasingly more important as the "Vision for Space 
Exploration" proceeds and humans attempt to expand farther and more permanently into 
space. In exercising spacepower, the United States should seek to ensure that its citizens 
have at least as many rights and protections in space, including the right to own property, 
as they do on Earth. Whether such rights would be as complete as those in the United 
States would be the subject of negotiation and debate. Simply put, however, the Moon 
and other celestial bodies should not be a place of fewer liberties than those enjoyed on 
Earth. 




Recognizing conflicts between Merchants and Guardians is only a first step. The pursuit 
of spacepower should serve to increase national power, whether measured in economic, 
military, or political terms, as a way to advance American values and interests. This does 
not mean the pursuit of an isolationist or unilateral approach by the U.S. Government or 
the United States as a whole. The reality is that the United States must be engaged in 
shaping the international environment, and the Nation needs partners and friends to 
succeed. The task is to craft partnerships and strategies with Merchants and Guardians 
worldwide as human activities of all kinds expand into space. 
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Chapter 8: 

Economic Development of the Solar System: 
The Heart of a 21 st -century Spacepower Theory 

Dennis Wingo 



The current definition of spacepower in use by the United States is incomplete, and a 
"geocentric" mindset has become an embedded assumption in the development of 
national spacepower theory. This mindset must be expanded in order to provide options 
to our nation's current and future leaders in navigating through the difficulties that define 
the 21 st century. The change has begun within the top echelon of our elected leadership 
but has yet to be integrated into the thought processes of the majority of spacepower 
theorists and government agencies responsible for science, exploration, and national 
security. 1 It is this author's position that the time has come to extend the economic reach 
of mankind into the solar system to create a multiplanet civilization with a resource and 
energy base that dwarfs our present single planet system. Integrating this worldview into 
American spacepower theory and practice will bring tremendous economic and national 
security benefits. This chapter will explore why this shift is needed and how it might 
unfold. 

Current World Status and the Linkage to Spacepower Theory 

As we enter the first decades of the 21 st century, profound challenges confront the United 
States and the family of nations in transcending the limitations of hydrocarbon energy 
and other resources. The U.S. Census Bureau estimates that the population of our planet 
will continue to grow from today's 6.5 billion to an estimated 9.4 billion in the year 
2050. 2 Beyond this, the expanding major powers of Asia, principally China and India, 
with the majority of the Earth's population, aspire to the same level of affluence that 
Americans, Europeans, and the Japanese enjoy. This will further strain the resources of 
our single planet, and the current nontechnical geocentric solutions envisioned by many 
well-meaning leaders point toward an extended period of economic contraction and war 
over a shrinking resource base. Worse yet, the diversion of resources to preserve the 
status quo of a single planet civilization will likely result in a period of population and 
industrial collapse as resources are exhausted due to the lack of investment in technical 
innovation. 

Therefore, we must develop a new spacepower theory in the context of our times 
reflecting the challenges that face our people, our nation, and our world in order to 
protect our liberty, improve our lives, and continue our collective and individual pursuit 
of happiness. This spacepower theory must provide hope and illuminate a path toward a 
positive, peaceful, and affluent future for all the citizens of the world. In order to catalyze 
this, the American free enterprise system must be enabled toward the goal of the 




economic development of the solar system. These perceptual shifts have fundamental 
implications for the shape of spacepower theory. 

Definitions and Context 

Considering that various definitions of spacepower theory exist, this chapter adopts the 
one that best supports the construction of its premise. The following definition is from 
James Hyatt: "Spacepower is defined as the ability of a state or nonstate actor to achieve 
its goals and objectives in the presence of other actors on the world stage through . . . 
exploitation of the space environment." 3 This definition carries broad connotations to 
include commercial activities, scientific researchers, and other actors. However, this 
definition embraces, as do all current spacepower definitions, an underlying assumption 
or mindset defined as geocentric. The definition of geocentric within the context of a 
discussion of spacepower theory is as "a mindset and public policy that sees spacepower 
and its application as focused primarily on actions, actors, and influences on earthly 
powers, the earth itself, and its nearby orbital environs." 

The geocentric mindset is a key assumption undergirding the last 40 years of spacepower 
theory. This assumption became a foundational principle during the administration of 
President John F. Kennedy and Secretary of Defense Robert McNamara. This was not 
always the case. In the 1950s, the Dwight Eisenhower administration supported a military 
presence on the Moon in the form of an outpost as the ultimate high ground, beyond the 
reach of ballistic missiles, as a deterrent to a Soviet first strike nuclear capability. This 
was laid out in the Project Horizon Report, a classified (at the time) document that was 
basically the first serious U.S. military study of the uses of space beyond low Earth orbit 
(LEO). 4 The U.S. Armed Forces' interest in a lunar military base was curtailed by the 
creation of the National Aeronautics and Space Administration (NASA), a civilian 
agency given the lead role in the race to place humans on the Moon as defined by 
President Kennedy. With the creation of NASA, military space assets (principally Army) 
were transferred to the new agency, along with the budgets for space systems 
development. 

With that divorce, space beyond geosynchronous Earth orbit (GEO) was excised from 
military planning, activities, and spacepower theory development. This was further 
reinforced by Secretary McNamara's decision to embrace mutual assured destruction as 
the cornerstone of U.S. strategic policy along with ballistic missile submarines as the 
survivable leg of the triad of nuclear deterrence. The functional result of that decision 
meant that anything beyond passive military satellites was "bad" and "destabilizing." 3 
This effectively removed the military from any space mission beyond communications 
satellites in GEO, reconnaissance in LEO, and the global positioning system in medium 
Earth orbit. This remains the status quo today, with the singular exception of the Ballistic 
Missile Defense Organization's (now the Missile Defense Agency) Clementine mission to 
the Moon in early 1994. 6 However, the intervening years have brought new concerns to 
light that signal a shift in defense policy interests beyond LEO. 




